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STORAGE APPARATUS AND STORAGE
CONTROL METHOD

TECHNICAL FIELD

The present invention relates to storage control of a
storage apparatus including a plurality of non-volatile semi-
conductor storage devices.

BACKGROUND ART

A storage apparatus typically includes a physical storage
device that stores data and a controller that controls the
physical storage device. The controller provides a computer
(for example, a host computer) coupled with the storage
apparatus with a data storage space (typically, a logical
volume).

The storage apparatus can speed up 1/O processing and
can exhibit high fault-tolerance against a breakdown of the
physical storage device, by using a plurality of physical
storage devices 1n redundant array of independent (or 1nex-
pensive) disks (RAID) configuration.

The storage apparatus typically includes a hard disk drive
(HDD) as the physical storage device. However, 1n recent
years, as a new physical storage device replacing the HDD,
a physical storage device including a flash memory (here-
mafter, FM), for example, a solid state drive (SSD) has
attracted attention.

The SSD has an advantage of extreme higher-speed 1/O
processing than the HDD. However, the SSD has a disad-
vantage of shorter life than the HDD because the number of
times of data write has an upper limit. Hereinafter, the
disadvantage of the SSD will be described.

When intending to rewrite data, a tlash memory (typically,
a NAND-type flash memory) cannot directly overwrite a
physical area 1n which the data 1s stored with data. To rewrite
the data on the physical area with data, 1t 1s necessary to
execute deletion processing (hereinaiter, block deletion) for
the data on the physical area 1n units of called block that 1s
a deletion unit of the flash memory, and then to write the data
on the physical area subjected to the block deletion.

However, the number of times of the block deletion for
cach block (hereinafter, the number of times of deletion) has
limitations 1n terms of a physical restriction of the flash
memory. IT the number of times of deletion of the block
exceeds the limitations, the data cannot be stored in the
block. That 1s, 1if the number of times of deletion of all of
blocks that configure the SSD exceeds the limitations, the
SSD ends 1ts life.

Therefore, 1n a typically SSD, life prolongation of the
SSD 1s performed using a technique called wear leveling
(herematter, WL). In WL, typically, data that 1s updated at
a low frequency 1s stored 1n a block having a large number
of times of deletion, and data that 1s updated at a high
frequency 1s stored 1n a block having a small number of
times of deletion. Accordingly, the numbers of times of
deletion among the blocks are leveled, and deterioration of
a specific block can be suppressed.

In a case where the SSD 1s employed as the physical
storage device of the storage apparatus, 1t 1s typical to mount
a plurality of SSDs in the storage apparatus. In such a
storage apparatus, even if the deterioration of only a specific
block 1s suppressed i each SSD, loads among the SSD
become unbalanced, and only a specific SSD may be over-
loaded. Therefore, a technique of realizing the life prolon-
gation of the entire storage apparatus by leveling the number
of times of deletion among the plurality of SSDs by applying
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2

WL to the SSDs 1s disclosed 1n PTL 1 and PTL 2. Herein-
after, WL performed among the physical storage devices
such as the SSDS 1s referred to as “life leveling”.

In the life leveling, a controller (heremaiter, storage
controller) of the storage apparatus determines an SSD of a
migration target and data of a migration target.

According to PTL 1, the storage controller stores a total
amount of data write (hereinafter, WR) performed for the
SSD, as statistical information, and expects an average
number of times of deletion by dividing the total amount by
a physical capacity of the SSD, and determines the migration
target data.

According to PTL 2, the storage controller acquires
internal information such as the number of times of deletion
and a data WR amount from the SSD in details at a block
level, and determines the migration target data, based on the
information.

Next, data compression will be described. The data com-
pression 1s a technology of reducing the data amount to be
stored 1n the physical storage device by compression of data,
and realizes reduction 1n footprint and a decrease 1n a bit
cost. According to PTL 3, the storage controller compresses
WR data received from an outside of the storage apparatus,

and stores the compressed data 1n a final storage device (for
example, 1n the HDD or the SSD).

CITATION LIST
Patent Literature

| JP 2007-265265 A
] WO 2011/010344 pamphlet
] WO 2010/086900 pamphlet

SUMMARY OF INVENTION

Technical Problem

In the future, the SSD may have the above-described
compression function with a view to the decrease 1 a bit
cost of the SSD 1tself and the like. Hereinatter, the physical
storage device having the compression function 1s called

compression drive.

When the SSD 1tself has the compression function, the
storage controller does not need to be aware of compressed
data, and can perform read/write (hereinafter, R/W), simi-
larly to the storage device without having the compression
function. The compression drive, to which data 1s written
from the storage controller, internally executes compression
processing, and stores the data in the FM, thereby to reduce
a use amount of the FM. However, the storage controller can
write data of only the capacity of the compression drive to
the compression drive. That 1s, the storage controller cannot
further write data to a free capacity that 1s increased by the
compression of the data in the compression drive, 1n a state
where storage controller has written the data to the full
capacity of the compression drive. This 1s because an area of
the compression drive to which the storage controller can
write the data 1s consumed by a noncompressed data size.

Further, in the techmique of PTL 1, a gap i1s caused
between a data WR amount stored 1n the storage apparatus
and a data WR amount actually caused 1n the FM 1n the SSD,
and an effect of the life leveling may not be able to
sufliciently exerted. This 1s because the size of the data
stored in the FM 1n the SSD may be changed due to
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compression while the data WR amount recognized by the
storage apparatus as the statistical information 1s 1 a non-
compressed state.

In the life leveling, the storage controller needs to select
data having a large WR amount from the SSD having a short
remaining life, and to migrate the data to the SSD having a
long remaining life. At this time, 1f data A having a total WR
amount of 100 GB 1n the statistical information, and data B
having the total WR amount of 80 GB are stored 1n the SSD
having a shorter remaiming life, the data A having the larger
total WR amount 1s selected as data of a migration target in
the conventional technique. However, as for a data amount
compressed 1n the SSD and actually stored 1n the FM, 1f the
data amount of the data A 1s 50 GB (a compression
rat10=50%) that 1s a good compression ratio, and the data
amount of the data B 1s 64 GB (a compression ratio=80%)
that 1s a not good compression ratio, such a case may be led
to an increase 1 a load of the SSD having a shorter
remaining life by WL. As a result, the storage controller has
selected wrong data.

Meanwhile, 1n the technique of PTL 2, the storage con-
troller acquire the actual WR amount to the FM from the
SSD, the technique of PTL 2 can handle change of the data
s1ze due to compression. However, in the technique of PTL
2, the storage controller needs to recognize the internal
information of the SSD 1n units of physical block 1n details.
Therefore, the amount of the internal information of each
SSD becomes large and the storage controller requires a
memory having a large capacity. Further, a huge amount of
internal information from each SSD 1s stored 1n the memory,
and thus the storage controller needs to refer to the huge
amount of internal information stored 1n the memory when
leveling the number of times of deletion. Therefore, the load
in the storage controller becomes large. Such a problem may
similarly occur 1n a storage apparatus other than the SSD,
the storage apparatus including a non-volatile semiconduc-
tor storage device having a restriction 1n the number of times
of deletion.

Solution to Problem

A storage apparatus includes a semiconductor storage
device, and a storage controller coupled to the semiconduc-
tor storage device and which stores data 1n a logical storage
area provided by the semiconductor storage device. The
semiconductor storage device includes one or more non-
volatile semiconductor storage media, and a medium con-
troller coupled to the semiconductor storage media. The
medium controller compresses the data stored 1n the logical
storage area and stores the compressed data in the semicon-
ductor storage medium. The size of a logical address space
of the logical storage area 1s larger than a total of the sizes
of physical address spaces of the semiconductor storage
media.

Advantageous Effects of Invention

A logical storage area having a larger capacity than
physical capacities ol semiconductor storage media 1s pro-
vided 1n a storage controller. Accordingly, the storage con-
troller can store a larger capacity of data than the physical
capacity of the semiconductor storage device, to the semi-
conductor storage device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1illustrating an outline of an embodi-
ment.
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FIG. 2 1s a diagram 1llustrating a configuration example of
a storage system 10000 including a storage apparatus 10
according to a first example.

FIG. 3 1s a diagram 1llustrating a configuration example of
an SSD 700.

FIG. 4 1s a diagram 1llustrating a configuration example of
a flash memory 780.

FIG. § 1s a diagram 1llustrating a configuration example of
an address space of the SSD 700.

FIG. 6 1s an explanatory diagram of an outline of a
capacity virtualization technology.

FIG. 7 1s a diagram for describing an outline of a data
access ol a case where data 1s migrated between RGs by data
migration processing.

FIG. 8 1s a diagram 1llustrating a configuration example of
a cache memory 103.

FIG. 9 1s a diagram 1llustrating a configuration example of
a disk management table 13100.

FIG. 10 1s a diagram 1llustrating a configuration example
of an RG management table 13200.

FIG. 11 1s a diagram 1illustrating a configuration example
of a pool management table 13300.

FIG. 12 1s a diagram 1llustrating a configuration example
of an entry management table 13800.

FIG. 13 1s a diagram 1illustrating a configuration example
of an extent management table 13400.

FIG. 14 1s a diagram 1llustrating a configuration example
of a virtual volume management table 133500.

FIG. 15 1s a diagram 1illustrating a configuration example
of a statistical information management table 13600.

FIG. 16 1s a diagram 1llustrating a configuration example
of an FM WR amount expectation table 13700 according to
the first example.

FIG. 17 1s a diagram 1llustrating a configuration example
of a cache memory 716.

FIG. 18 1s a diagram 1illustrating a configuration example
of a logical-physical conversion table 23100.

FIG. 19 1s a diagram 1llustrating a configuration example
ol a statistical information management table 23200 1n an
SSD.

FIG. 20 15 a diagram 1llustrating a configuration example
of an SSD internal information acquisition command 25000,

and an execution result notification command 25100 that 1s
a response ol the SSD internal information acquisition
command 25000.

FIG. 21 1s a sequence diagram 1llustrating an example of
a tlow of processing related to write processing of a host
computer 30.

FIG. 22 1s a sequence diagram 1llustrating an example of
a flow of processing related to read processing of the host
computer 30.

FIG. 23 1s a flowchart illustrating an example of asyn-
chronous processing for SSD.

FIG. 24 1s an explanatory diagram of an outline of life
expectation of an SSD.

FIG. 25 15 a flowchart 1llustrating an example of exhaus-
tion avoidance processing according to the first example.

FIG. 26 1s a flowchart illustrating an example of life
leveling processing according to the first example.

FIG. 27 1s a flowchart 1llustrating an example of FM WR
amount expectation processing according to the {irst
example.

FIG. 28 1s a flowchart illustrating an example of data
migration processing in the life leveling processing accord-
ing to the first example.
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FIG. 29 1s a flowchart illustrating an example of I/O
performance rebalance processing according to the first

example.

FIG. 30 1s a diagram 1illustrating a configuration example
ol a statistical information management table 13600 accord-
ing to a second example.

FIG. 31 1s a diagram 1llustrating a configuration example
of an FM WR amount expectation table 13700 according to
the second example.

FIG. 32 1s a diagram 1llustrating a configuration example
of a WR request command 25200 according to the second
example and a response command 25300.

FIG. 33 1s a flowchart illustrating an example of FM WR
amount expectation processing according to the second
example.

FI1G. 34 1s a diagram 1illustrating a configuration example
of a disk management table 13100 according to a third
example.

FIG. 35 1s a diagram 1illustrating a configuration example
of an FM WR amount expectation table 13700 according to
the third example.

FIG. 36 1s a flowchart illustrating an example of FM WR
amount expectation processing according to the third
example.

FIG. 37 1s a flowchart illustrating an example of the data
migration processing in the exhaustion avoidance process-
ing according to the first example.

DESCRIPTION OF EMBODIMENTS

Hereinafter, several examples will be described.

In the description below, various types of information
may be described by an expression of “AAA table”. How-
ever, the various types of information may be expressed by
a data structure other than the table. The “AAA table” can be
called “AAA information” in order not to show that the
various types ol information do not depend on the data
structure.

Further, 1n the description below, a number 1s used as
identification information of an element (for example, an
extent). However, another type of identification information
(for example, a name or an identifier) may be used.

Further, hereinatter, processing may be described using a
“program” as the subject word. However, the program
approprately performs determined processing using a stor-
age source (for example, a memory) and/or a communica-
tion interface apparatus (for example, a communication
port), by being executed by a processor (for example, a
central processing unit (CPU) included 1n a controller (a
storage controller or an SSD controller). Therefore, the
subject word of the processing may be the controller or the
processor. Further, the controller may include a hardware
circuit that performs a part or the whole of the processing.
A computer program may be installed from a program
source. The program source may be a program distribution
server or a computer-readable storage medium.

Further, in the description below, a physical storage
device may be described as “Disk” for convenience. How-
ever, this description does not necessarily mean that a
storage medium included 1n the physical storage device 1s a
disk-like storage medium. The physical storage device may
be an SSD, for example.

Further, 1n the description below, a period or a time 1s
used. However, the unit of the period or the time i1s not
limited to the examples below. For example, the unit of the
period or the time may be any one of, or a combination of
two or more of year, month, day, hour, minute, and second.
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6

Further, in the description below, a non-volatile semicon-
ductor storage medium included mm an SSD i1s a flash
memory (FM). The flash memory 1s a type of tlash memory,
typically, a NAND-type flash memory, in which deletion 1s
performed 1n units of block and R/W 1s performed 1n units
of page. However, the flash memory may be another type of
flash memory (for example, a NOR type), in place of the
NAND type. Further, another type of non-volatile semicon-
ductor storage medium such as a phase-change memory may
be employed 1n place of the flash memory.

Further, the NAND-type flash memory 1s typically con-
figured from a plurality of blocks (physical blocks). Each
block 1s configured from a plurality of pages (physical
pages). A logical page group (logical storage space) based on
one or more SSDs (for example, a RAID group described
below) may be provided. A physical page 1n which no data
1s written may be called “free page”. In each logical page,
recently written data 1s called “valid data”, and data that
becomes old data because the valid data 1s written can be
called “invalid data”. Further, a physical page 1n which the
valid data 1s stored can be called “valid page”, and a physical
page 1 which the mvalid data i1s stored can be called
“immvalid page™.

First, an outline of an embodiment will be described.

FIG. 1 1s a diagram 1llustrating an outline of an embodi-
ment.

A storage apparatus 10 includes a storage controller 100
and a plurality of physical storage devices (disks) 11. Each
physical storage device 11 servers as a base of two or more
logical storage areas. The logical storage arca may be an
extent 70 described below, or may be all or a part of a logical
volume (logical unit (LU)) provided 1n an upper apparatus
(for example, a host computer) coupled to the storage
apparatus 10. The plurality of physical storage devices 11
configures a RAID group (RG) 50. The storage controller
100 performs exhaustion avoidance processing and life
leveling processing of the RAID group 50, and 1/0 perfor-
mance leveling (rebalance) processing (input/output level-
ing processing), by migrating the extent 70 between the
RAID groups 50, 1n addition to processing associated with
an I/O request from the upper apparatus. Here, the RAID
group 1s an example of a semiconductor storage umt. Note
that the semiconductor storage unit may be one physical
storage device 11.

First, the storage controller 100 acquires internal infor-
mation related to each physical storage device from each
physical storage device 11. For example, 11 the physical
storage device 11 1s an SSD (a storage device including a
flash memory), the internal information 1s various types of
capacity information (an entire capacity, an actual use
amount, a total amount of data written in the flash memory
alter data compression, and the like) and information related
to a life.

The storage controller 100 calculates an exhaustion risk of
the RG, based on the internal information and statistical
information related to an I/O amount, and determines neces-
sity ol execution of the exhaustion avoidance processing.
The exhaustion risk 1s calculated by a WR I/O amount of the
RG+an RG actual free capacity, for example. In the exhaus-
tion avoidance processing, first, the storage controller 100
identifies an RG 50 having a high exhaustion risk and which
will not be able to receive WR due to occurrence of RG
exhaustion 1n the near future, and an RG 50 having a low
exhaustion risk and which 1s expected to have a long time to
the RG exhaustion.

Next, the storage controller 100 determines a data amount
(migration data amount) to be migrated from the RG 50
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having a high exhaustion risk to the RG 50 having a low
exhaustion risk. The migration data amount may be a
migration amount that falls below a threshold (for example,
90% of an RG use amount) related to the exhaustion risk
configured by the user, or may be a migration amount with
which the exhaustion risk can be leveled between the RGs
50.

Next, the storage controller 100 migrates the data by the
determined migration data amount. Here, a range of a
storage area 1n migrating data 1s called “extent”. The extent
1s an address range (logical area) that covers the plurality of
physical storage devices 11 (for example, the SSDs), as
illustrated by the reference sign 70. In a small unit such as
a block unit or a page unit of the tflash memory, a load for
the data migration becomes large. In contrast, the load for
the data migration of the storage controller 100 can be
suppressed by performing the data migration 1n a unit larger
than the block or the page, and 1n a unit of the extent that
covers a plurality of RGs 50.

The storage controller 100 calculates a remaiming life of
the RG 50, and determines necessity of execution of the life
leveling processing, after execution of the exhaustion avoid-
ance processing, or when determiming that the exhaustion
avoildance processing 1s unnecessary. As the remaimng life
of the RG 50, a mimimum value of remaining life informa-
tion of the physical storage devices 11 (here, the SSDs) that
configure the RG 50 1s employed as the remaining life.
Further, as the remaiming life of the RG 50, an average value
of the remaining lives of the physical storage devices 11
(SSDs) that configure the RG 50 may be employed as the
remaining life of the RG 50. In the life leveling processing,
first, the storage controller 100 identifies an RG configured
from SSDs having a short remaining life and which will ends
the life 1n the near future and becomes unavailable, and an
RG configured from SSDs having a long remaining life.

Next, the storage controller 100 determines an extent
having a high WR load in the RG having a short remaining,
life, and an extent having a low WR extent 1n the RG having
a long remaining life, and exchanges data of the extends.

To be specific, to determine the WR load, the storage
controller 100 measures a WR data amount for each extent.
For example, 1f the WR data amount to the SSD 1s large,
rewrite of a block frequently occurs, and the number of
times of deletion of the block 1s increased with the rewrite.
If the number of times of deletion of the block 1s 1ncreased,
the number of times of deletion of the block reaches limi-
tations (an upper limit value), and read (hereinafter, RD)
from the block 1s available but WR becomes unavailable.
Then, the SSD 1n which such a block 1s increased becomes
unavailable. Therefore, the storage controller 100 finds an
extent having a large WR data amount, and migrate the data
included 1n the extent from the RG of the SSD having a short
life to the RG of the SSD having a long life.

Accordingly, the number of times of deletion can be
leveled between the SSD without increasing the load of the
storage controller 100. Further, the life leveling can be
realized with a minimum migration data amount by
exchanging the data between the extent having a large WR
I/O amount 1n the RG of the SSD having a short life, and the
extent having a small WR I/O amount in the RG of the SSD
having a long life.

The storage controller 100 calculates the I/O amount of
the RG 50, and determines necessity of execution of the I/O
performance rebalance processing, after execution of the life
leveling processing, or when determining that the life lev-
cling processing 1s unnecessary. In the I/O performance
rebalance processing, first, the storage controller 100 1den-
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tifies an RG having a large I/O amount and a high 1/O load,
and an RG having a small I/O amount and a low 1/O load.

Next, the storage controller 100 determines an extent
having a high I/0 load in the RG having a high I/O load, and
an extent having a low 1/O load in the RG having a low 1/O
load, and exchanges data of the extents.

Hereinaftter, specific examples of the present embodiment
will be described 1n detail.

First Example

FIG. 2 1s a diagram 1llustrating a configuration example of
a storage system 10000 including a storage apparatus 10
according to a first example.

The storage system 10000 includes the storage apparatus

10 and a host computer 30. The host computer 30 1s an
example of an upper apparatus that uses the storage appa-
ratus 10. The host computer 30 1s an application server, for
example. The host computer 30 and the storage apparatus 10
are communicatively coupled to each other through a stor-
age area network (SAN) 20, for example. As the SAN 20, a
fiber channel, a small computer system interface (SCSI), an
internet small computer system interface 1SCSI), a univer-
sal serial bus (USB), an IEEE1394 bus, a senal attached
SCSI (SAS), or the like can be used. Further, another type
of communication network (for example, a local area net-
work (LAN)) may be employed i place of the SAN 20.
Note that, in the example of FIG. 2, the storage system
10000 includes one host computer 30 and one storage
apparatus 10. However, the storage system 10000 may
include at least one of a plurality of the host computers 30
and a plurality of the storage apparatuses 10.
The host computer 30 1ssues a control command or the
like to the storage apparatus 10 to maintain and manage the
storage apparatus 10 by executing control software (not
illustrated) that 1ssues the control command or the like to the
storage apparatus 10. Processing based on the control com-
mand 1s executed in the storage apparatus 10, so that various
types of work can be performed, such as change of a RAID
level of an RG included 1n the storage apparatus 10, adjust-
ment of various start thresholds of exhaustion avoidance
processing, life leveling processing, and I/O performance
rebalance processing, and ON/OFF configuration of a com-
pression function in units of pool or RG. Note that the RG
50 1s a physical storage device group that 1s configured from
a plurality of SSDs (or HDDs), and stores data according to
a predetermined RAID level. As a computer that 1ssues the
control command to the storage apparatus 10, a computer
different from the host computer 30 may be used.

The storage apparatus 10 includes a storage controller
(storage CTL) 100 and a disk box 110 coupled to the storage
controller 100.

The storage controller 100 controls an operation of the
storage apparatus 10. The storage controller 100 includes
communication interface devices, a memory, and a control
device coupled to the communication interface devices and
the memory. As the communication interface devices, there
are a host I'F 101 that 1s a front-end communication inter-
face device and a disk I/F 107 that 1s a back-end commu-
nication interface device. As the memory, there 1s a cache
memory 103. As the control device, there 1s a processor (for
example, a central processing unit (CPU)) 104. The host I/F
101, the cache memory 103, the processor 104, and the disk
I’'F 107 are coupled to an internal network 102 with a
dedicated connection bus such as a peripheral component
interconnect (PCI), for example, and can perform commu-
nication with each other through the internal network 102.
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The cache memory 103 1s DRAM like a double data rate
3 (DDR3). The host I'F 101 1s an intertface for connecting the
storage apparatus 10 with the SAN 20. The internal network
102 1s a network for connecting the devices existing in the
storage apparatus 10. The internal network 102 includes a
switch. An application specific integrated circuit (ASIC)
having a switch function and an assist function such as DMA
transier and RAID calculation may be used in place of the
internal network 102. The processor 104 controls the entire
storage apparatus 10. A plurality of the processors 104 may
exist. In this case, the plurality of processors 104 may
control the storage apparatus 10 1n cooperation with each
other or by sharing. The cache memory 103 includes an area
in which a computer program necessary for the processor
104 to control the storage apparatus 10 and data are stored.
The disk I'F 107 1s an interface for connecting the storage
controller 100 and the disk box 110. The disk box 110
includes a plurality of different types of the disks 11 (for
example, non-volatile physical storage devices such as
HDDs 111 and SSDs 700). In the disk box 110, an RG 1s
configured from the same type of the plurality of disks. Fach

RG provides a logical volume as a storage space of user data.
Note that, in FIG. 2, as the disks 11 that configure the disk

box 110, the HDDs 111 and the SSDs 700 are used.
However, only the SSDs 700 may be used.

FIG. 3 1s a diagram 1illustrating a configuration example of
the SSD 700.

The SSD 700 includes a plurality of flash memories 780
and an SSD controller 710 coupled to the plurality of flash
memories 780. The SSD controller 710 controls an operation
of the SSD 700. The SSD controller 710 includes commu-
nication interface devices, a memory, a control device
coupled to the communication interface device and the
memory, and a hardware device that executes compression/
expansion of data. As the communication interface devices,
there are a disk I/F 711 that 1s a front-end communication
interface device and a flash I'F 717 that 1s a back-end
communication interface device. As the memory, there 1s a
cache memory 716. As the control device, there 1s a pro-
cessor 713. As the hardware device that executes compres-
sion/expansion of data, there 1s a compression/expansion
circuit 718. Note that a function to execute compression/
expansion of data may be realized 1n a software manner by
execution of a dedicated program by the processor 713. The
disk I/F 711, the processor 713, the cache memory 716, the
flash I/F 717, and the compression/expansion circuit 718 are
coupled to each other through an internal network 712.

The disk I'F 711 1s coupled to the disk I'F 107 of the
storage controller 100 with a dedicated connection bus. The
internal network 712 1s a network for connecting the
devices. The internal network 712 may include a switch.
Further, the internal network 712 may be substituted by an
ASIC having a switch function. The processor 713 controls
the entire SSD 700. The cache memory 716 includes an area
in which a computer necessary for the processor 713 to
control the SSD 700 and data are stored. The Flash I'F 717
1s an mnterface for connecting the SSD controller 710 and the
flash memories 780.

In the present example, the SSD 700 1s a semiconductor
storage device that includes the plurality of flash memories
780 and the controller 710 that controls the plurality of flash
memories 780, and an external shape and the like are not
limited to the form factor. Further, non-volatile semicon-
ductor memory such as NOR or NAND may be used for the
flash memory 780. Further, various semiconductor memo-
ries such as magnetoresistive random access memory
(MRAM), resistance random access memory (ReRAM) that
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1s a resistance-change type memory, and ferroelectric ran-
dom access memory (FeRAM) that 1s a {ferroelectric
memory may be used 1n place of the flash memories 780.

FIG. 4 1s a diagram 1llustrating a configuration example of
the flash memory 780.

The flash memory 780 includes a plurality of blocks 782
and a flash memory controller (hereinafter, flash controller)
781 coupled to the plurality of blocks 782. The flash
controller 781 controls the flash memory 780. Each block
782 1s configured from a plurality of pages 783. RD of data
from the flash memory 780, and WR of data to the flash
memory 780 are executed 1n units of page. Data deletion 1s
executed 1n units of block. The page 783 1s configured from
a plurality of code words 784. In the code word 784, data
stored by the host computer 30 and an ECC that 1s an error
correction code for protecting the data are stored.

The flash memory 780 1s a NAND-type tlash memory, for
example. In the NAND-type tflash memory, data cannot be
overwritten. Therefore, 1n the flash memory 780, when new
data 1s written 1n the page 783 in which data 1s already
written, the data 1s erased, and the new data 1s written in the
data-erased page 783 from which the data has been erased.

The SSD controller 710 performs leveling processing of
the number of times of deletion for the plurality of blocks
782 1n the SSD 700. The SSD controller 710 levels the
number of times of deletion of the blocks 782 1n the SSD 700
by storing data having a small update frequency to a block
782 having a large number of times of deletion, and storing
data having a large update frequency to a block 782 having
a small number of times of deletion. Note that the SSD
controller 710 may level the number of times of deletion by
selecting a free block 782 having a small number of times of
deletion and storing data in the selected block 782, in WR.
At this time, the SSD controller 710 may divide the plurality
of blocks 782 into a plurality of groups according to the
number of times of deletion, and select the block 782 to
which the data 1s stored from a group having a small number
of times of deletion. As described above, the number of
times of deletion of the plurality of blocks 782 1n the SSD
700 1s leveled, so that the life prolongation of the SSD 700
1s achieved.

FIG. § 1s a diagram 1llustrating a configuration example of
an address space of the SSD.

In the SSD 700, a physical address space 800 and a logical
address space 900 larger than the physical address space 800
exist. The physical address space 800 1s an address space of
a physical storage area i which actual data 1s stored.
Meanwhile, the logical address space 900 1s a unique
address space provided by the SSD 700 to the storage
controller 100.

The SSD controller 710 divides the logical address space
900 into a plurality of areas (hereinatter, logical pages) 901,
902, 903, 904, and the like having the same size as the
physical page size. Here, in the present example, the SSD
700 has a data compression function, and thus data in the
logical page 901 1s converted (compressed) into compressed
data 911, data in the logical page 902 i1s converted into
compressed data 912, data in the logical page 903 1s con-
verted into compressed data 913, and data 1n the logical page
904 1s converted into compressed data 914, respectively. A
compression ratio 1s changed according to a data pattern and
the like. Therefore, the size of each compressed data that 1s
a converted logical page 1s not necessarily constant, and
becomes an arbitrary size. Each compressed data 1s stored in
the physical page 1n units of code word (CW). In FIG. 5, the
compressed data 911 1s stored 1n a CW 7841, the compressed
data 912 1s stored 1n a CW 7842, the compressed data 913
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1s stored 1n a CW 7843 and a CW 7844, and the compressed
data 914 1s stored in CW 7900.

As described above, i the SSD 700 having a data
compression function, the logical page and the physical page
are not i1n one-to-one relationship, and the physical page 1s
dynamically allocated to the compressed data after compres-
sion that 1s to be actually stored in the FM 780. Further, 1n
the SSD 700, the logical address space 900 1s made larger
than the physical address space 800, so that the storage
controller 100 can write data of more than the physical
storage capacity mounted 1n the SSD 700.

Here, consider how much size of the logical address space
900 1s employed. In the present example, the size of the
logical address space 900 1s determined, supposing that all
data to be written are compressed at a most favorable
compression ratio (for example, 18), which 1s available 1n the
compression/expansion circuit 718. In this case, the SSD
700 provides the logical address space 900 having a logical
capacity that 1s eight times the physical capacity mounted 1n
the SSD 700 itself, to the storage controller 100. For
example, 1t the SSD 700 in which 1 TB of capacity is
physically mounted has the most favorable compression
ratio of 14, the SSD 700 provides 8 TB of logical capacity
to the storage controller 100. Accordingly, the storage con-
troller 100 can store data equal to or larger than the actual
physical capacity of the SSD 700, by simply writing data,
similarly to an HDD or an SSD without having the com-
pression function. In this case, the compression ratio of the
written data 1s changed according to a data pattern and the
like, and thus 1n an actual case, the compression ratio may
become worse than 4, and the storage controller 100 cannot
always store 8 TB of data to the SSD 700. In this way, a state
in which the physical capacity becomes full before the
logical capacity becomes full, of the SSD 700, 1s called
exhaustion state.

The storage controller 100 cannot write data at all to the
SSD 700 1n the exhaustion state. A WR command to the SSD
700 1n the exhaustion state becomes an error response. This
1s because, as described above, the NAND-type FM 780
cannot be simply overwritten with data, and when new data
1s write to a page 1n which data 1s stored, 1t 1s necessary that
the data 1s erased, and the new data 1s written to the
data-erased page from which the data has been erased, and
the SSD 700 in the exhaustion state cannot prepare the
data-erased page.

On the other hand, there i1s no restriction of WR {for the
SSD 700 in a non-exhaustion state, and WR can be per-
formed 1n the entire logical address space 900.

Therefore, the storage controller 100 executes exhaustion
avoidance processing described below not to allow the SSD
700 to be 1n the exhaustion state, and keeps the SSD 700 1n
the non-exhaustion state on a constant basis.

The SSD controller 710 can realize WL and the like 1n the
SSD 700 by dynamically changing mapping of the address
range (logical storage area) that configures the logical
address space 900 and the address range (physical storage
area) that configures the physical address space 800. Note
that the processor 713 manages correspondence between the
logical address space 900 and the physical address space
800, using a logical-physical conversion table 23100
described below. In the present, the storage controller 100
does not directly manage the logical-physical conversion
table 1n the SSD 700. Therefore, the storage controller 100
cannot recognmize the correspondence between the logical
address space 900 and the physical address space 800 unless
the processor 713 of the SSD 700 notifies the storage
controller 100 with SSD internal information and the like.
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Next, a capacity virtualization technology will be
described.

The capacity virtualization technology (for example, thin
provisioning) 1s a technology that provides a virtual capacity
larger than the physical capacity included 1n the storage
apparatus 10 to the side of the host computer 30. The host
computer 30 accesses a virtual logical volume (virtual
volume). In the capacity virtualization technology, when the
storage apparatus 10 receives a WR request, a physical
storage area 1s allocated to a virtual storage area (virtual
extent) ol a WR destination of data of the WR request. In the
present example, the unit of the physical storage area
allocated 1n the capacity virtualization technology 1s an
extent unit. Further, the size of the extent may cover a wide
range from several MB to several GB.

FIG. 6 1s an explanatory diagram of an outline of the
capacity virtualization technology.

RGs (200, 300, and 400) are configured from the same
type of the disk 11 (for example, the SSD 700). A pool 500

1s configured from one or more RGs.
Extents (240, 241, 241, 340, 440, and the like) are storage

area (partial storage area) obtained by dividing the pool 500,
that 1s, a part of the pool 500. In FIG. 6, the pool 500 1s
configured from three RGs of the RG 200, RG 300, and RG
400. Hereinatter, description will be given using the RG 200
as an example.

The RG 200 1s configured from a disk 210, a disk 220, and
a disk 230. The RG 200 builds a RAID 5, and data (D 1n FIG.
6) and panty (P 1n FIG. 6) are stored in the disks (210 to
230).

The storage area based on the RG 200 15 divided into the
plurality of extents (240, 241, and 242). The storage area
based on the RG 200 corresponds to the logical address
space 900 provided by the plurality of SSDs 700.

The extent 1s a storage area having a larger size than the
block 782 of the SSD 700. The size of the extent 1s N times
(N 1s an integer of 2 or more) the block. The extent 1s
configured from entries (for example, entries 251, 252, 253,
254, 255, and 256) that are the logical address space existing
in each disk. In the entry, a plurality of data and parity 1s
stored. In FIG. 6, for example, data 211, data 212, parity 213,
and the like are stored 1n the entry 251, data 221, data 223,
parity 222, and the like are stored 1n the entry 252, data 232,
data 233, parnity 231, and the like are stored 1n the entry 253.
In the entries 254, 255, and 256, a plurality of data and parity
1s similarly stored. Further, the entries 251 and 254 are built
in the disk 210, the entries 252 and 255 are built in the disk
220, and the entries 253 and 256 are built in the disk 230,
respectively.

In FIG. 6, the extents 240, 241, and 242 are created from
the storage area of the RG 200. The extents 340, 341, and
342 are created from the storage area of the RG 300. The
extents 440, 441, and 442 are created from the storage area
of the RG 400.

A virtual volume 600 1s a virtual logical volume for the
host computer 30 storing user data. A capacity defined as a
capacity of the virtual volume 600 can be a storage capacity
larger than a total of capacities of the physical storage
devices included 1n the storage apparatus 10. Note that the
virtual volume 600 1s configured from an arbitrary number
of virtual extents (601 to 607, and the like). A storage area
of the virtual volume 600 1s managed with virtual addresses
(logical addresses that configure the virtual volume), and the
virtual extent 1s configured from a storage area of a virtual
address divided 1n a predetermined area. In FIG. 6, one
virtual extent 1s associated with one extent. However, one
virtual extent may be associated with a plurality of extents.
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The virtual extents 601 to 604 1llustrated by the solid lines
in FIG. 6 are virtual extents to which the extents are
allocated from the RGs 200, 300, and 400. That 1s, the extent
341 1s allocated to the virtual extent 601, the extent 242 1s
allocated to the virtual extent 602, the extent 442 1s allocated
to the virtual extent 603, and the extent 240 1s allocated to
the virtual extent 604, respectively. Further, in FIG. 6, the
virtual extents 603 to 607 illustrated by the broken lines are
not the virtual extents to which addresses belong, as the WR
destinations of data. Therefore, the extents have not yet been
allocated to these virtual extents 605 to 607.

FI1G. 7 1s a diagram for describing an outline of an access
ol a case where data 1s migrated between the RGs by the data
migration processing. The data migration processing 1s
executed 1n asynchronous processing for SSD (see FIG. 23).

When data 1s migrated between the RGs, the host com-
puter 30 needs to change an access destination to the data to
an RG of a migration destination. However, when the
address 1s changed using the virtual volume 600, the host
computer 30 can access the data 1n the migration destination
without changing the access destination. That 1s, the storage
controller 100 changes association to a virtual address of a
virtual extent 610 from the logical address of the extent 70
ol a migration source to the logical address of an extent 80
of the migration destination. Therefore, even if the asyn-
chronous processing for SSD 1s performed, the host com-
puter 30 does not need to change the address of the access
destination, by accessing the virtual volume 600. Note that,
in the present example, the virtual volume 1s used for the
address conversion. However, a method 1s not limited to the
example, and the address conversion may be performed
without using the virtual volume.

FI1G. 8 1s a diagram 1llustrating a configuration example of
the cache memory 103.

The cache memory 103 of the storage controller 100
includes a program area 12000, a table area 13000, and a
data cache area 14000. The program area 12000 and the
table area 13000 are areas in which a program for controlling,
the storage apparatus 10 and various tables are stored. The
data cache area 14000 1s an area used for temporarily storing
user data.

In the program area 12000, a write I/O program 12100, a
read I/O program 12200, a life management program 12300,
an SSD information acquisition program 12400, a life lev-
cling program 12500, an exhaustion avoidance program
12600, and an I/O performance rebalance program 12700
are stored.

The write I/O program 12100 1s a program for processing,
a WR request from the host computer 30. The read I/O
program 12200 1s a program for processing an RD request
from the host computer 30. The life management program
12300 1s a program for the processor 104 managing lives of
various disks such as the SSDs 700. The SSD information
acquisition program 12400 1s a program for acquiring inter-
nal information of the SSDs 700. The life leveling program
12500 1s a program for converting the lives of the SSDs 700
in an RG unit, and executing the life leveling of the RGs.
The exhaustion avoidance program 12600 1s a program for
calculating the exhaustion risks of the RGs from the capacity
information of the SSD 700, and executing the exhaustion
avoidance of the RG having a high exhaustion possibility.
The I/O performance rebalance program 12700 1s a program
for detecting a specific RG that 1s a bottleneck of perfor-
mance, from the I/O statistical information of the RGs, and
executing performance leveling.

The table area 13000 includes a disk management table (a
table may be described as TBL) 13100, an RG management
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table 13200, a pool management table 13300, an extent
management table 13400, a virtual volume management
table 13500, a statistical information management table
13600, and an FM write amount expectation table 13700.

The disk management TBL 13100 1s a table 1n which
information related to the disks stored 1n the disk box 110 1s
stored. The RG management TBL 13200 1s a table 1n which
information related to the RAID groups 1s stored. The pool
management TBL 13300 1s a table in which information of
the pool 1s stored. The extent management TBL 13400 1s a
table 1n which information related to the extents 1s stored.
The virtual volume management TBL 13500 1s a table 1n
which information related to the virtual volume is stored.
The statistical mmformation management TBL 13600 1s a
table 1n which various types of information related to 1/0O
performance of the storage apparatus 10 1s stored. The FM
write amount expectation TBL 13700 1s a table used when
the processor 104 expects a data write amount in the SSD to
determine the migration target data i executing the life
leveling processing.

In the data cache area 14000, user data 14100 according,
to the WR request and the RD request 1s temporarly stored.
The user data 14100 1s data used by the host computer 30.

FIG. 9 1s a diagram 1llustrating a configuration example of
the disk management table 13100.

The disk management TBL 13100 mainly manages infor-
mation (exhaustion-related information and remaining life
information) for performing exhaustion management and
life management of each disk managed by the storage
controller 100 management. The disk management TBL
13100 includes, for each disk, a disk #13101, a disk type
13102, an mnformation updated date 13103, a remaining
warranty period 13104, an expected remaining life 13105, a
compression configuration 13106, an FM read total amount
13107, an FM write total amount 13108, an average com-
pression ratio 13109, a remaining number of times of
deletion 13110, an FM use amount 13111, a physical capac-
ity 13112, and a logical capacity 13113.

The disk #13101 1s an 1dentifier of the disk and 1s a unique
number. The disk type 13102 indicates a type of the disk. As
the type of the disk, there are an SSD (SLC), an SSD (MLC),
an HDD, and the like. Here, as the SSD, three types
including a single level cell (SLC) type, a multi-level cell
(MLC) type, and a triplet level cell (TLC) type exist
according to the type of the NAND flash memory to be used.
The SLC 1s a high-speed, long-life, and low-capacity flash
memory, and can erase blocks in the order from hundreds of
thousands of times to tens of thousands of times. The MLC
1s a low-speed, short-life, and large-capacity tlash memory,
and can erase blocks in the order from tens of thousands of
times to thousands of times. The TLC 1s a lower-speed and
shorter-life tflash memory than the MLC, but 1s a larger-
capacity flash memory and can erase blocks in the order
from thousands of times to hundreds of times.

The information updated date 13103 indicates a recent
date when the information related to the disk 1s updated (for
example, a date when the life information or the like is
updated). The remaining warranty period 13104 indicates
how much a warranty period of the disk determined by a
vendor remains. In the example of FIG. 9, the remaiming
warranty period 13104 1s indicated as the number of days.
Here, the warranty period of a disk 1s a period in which the
disk 1s normally operated 1s guaranteed (for example, five
years). The tlash memory 1s deteriorated due to an increase
in the number of times of deletion by write of data, and when
reaching the end of the life, R/W of data becomes unavail-
able, and data retention property becomes significantly dete-




US 9,727,255 B2

15

riorated. Therefore, as a period in which the disk 1s normally
usable, a threshold 1s configured 1n advance based on the
number of times of deletion, the total WR amount, and the
like. When a use period of the disk exceeds the warranty
period, the disk 1s replaced.

The expected remaining life 13105 indicates a remaining
pertod when the remaining number of times of deletion
13110 of the SSD reaches zero. The expected remaining life
13105 1s a numerical value expected by the processor 104
(life management program 12300). Here, the expected
remaining life 13105 1s indicated as the number of days.
Here, the expected remaining life 131035 falling below the
remaining warranty period 13104 means that an SSD
becomes 1n a higher load state than the vendor’s expectation,
due to concentration of a load to the specific SSD due to
variation of the I/O and the like, and the SSD reaches the end
of the life before an expiration date for use guaranteed by the
vendor. By execution of the life leveling processing, the
concentration of the WR to an RG including the specific
SSD can be avoided, and life prolongation of the SSD can
be achieved. The expected remaining life 13105 can be
calculated based on the information updated date 13103, the
FM read total amount 13107, the FM write total amount
13108, the remaiming number of times of deletion 13110,
and the like. A method of calculating the remaining life
period will be described below.

The compression configuration 13106 indicates whether
the data compression function of the target disk 1s valid. The
compression configuration 13106 1s ON (or a numerical
value corresponding to ON (for example, “17)) When the
data compression function 1s valid (1n use), and 1s OFF (or
a numerical value corresponding to OFF (for example, “07))
when the data compression function 1s mvalid (not 1 use).
Note that ON/OFF of the data compression function may be
configured by a manager of the storage apparatus 10 through
control software or the like installed 1n the host computer 30.

The FM read total amount 13107 1s an integrated value of
a read amount occurring in the SSD (a data amount read
from the flash memories 1n the SSD), and 1s updated based
on the SSD internal information. The FM write total amount
13108 1s an integrated value of a WR amount occurring 1n
the SSD (a data amount written in the flash memories in the
SSD), and 1s updated based on the SSD internal information.
The average compression ratio 13109 1s a numerical value
that indicates what percentage the data size 1s, compared
with an original size, by compression of the data in the SSD.
Note that the average compression ratio 13109 1s an average
value of the compression ratios of the SSDs, and 1s updated
based on the SSD internal information.

The remaining number of times of deletion 13110 1ndi-
cates a value according to the number of times of block
deletion executable 1n the SSD. In the present example, the
remaining number of times of deletion 13110 1s a ratio
(percentage) of the remaining number of times of deletion to
a possible number of deletion determined 1n advance, and 1s
updated based on the SSD internal information. The value of
the remaining number of times of deletion 13110 becoming
zero indicates that the numbers of times of deletion of all
blocks in the flash memory reaches an upper limat.

The FM read total amount 13107, the FM write total
amount 13108, the average compression ratio 13109, and the
remaining number of times of deletion 13110 are updated
based on information acquired by the storage controller 100
from each SSD. The storage controller 100 acquires the
information from each SSD, using a general-purpose inter-
face such as a self-monitoring analysis and reporting tech-

nology (S.M.A.R.T.), for example.
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The FM use amount 13111 indicates a data amount stored
in the SSD, and 1s updated based on the SSD internal
information. The physical capacity 13112 indicates a physi-
cal capacity mounted 1n the SSD. The logical capacity 13113
indicates a logical capacity to the SSD. This logical capacity
1s a capacity based on the most favorable compression ratio
available 1n the compression/expansion circuit 718, and 1s a
capacity larger than the physical capacity. The storage
controller 100 recognizes the logical capacity 13113 as the
capacity of the SSD when the compression configuration
13106 1s ON, and recogmzes the physical capacity 13112 as
the capacity of the SSD when the compression configuration
13106 1s OFF.

Note that, as for the disk that does not require the
exhaustion management (for example, the SSD 1n which the
compression configuration 13106 1s OFF), 1n the disk man-
agement TBL 13100, the average compression ratio 13109,
the FM use amount 13111, and the logical capacity 13113
may not be acquisition targets by the processor 104. Further,
as for the disk that does not require the life management (for

example, the HDD), in the disk management TBL 13100, the

remaining warranty period 13104, the expected remaining
life 13105, the remaining number of times of deletion 13110,
and the FM use amount 13111 may not be the acquisition
targets by the processor 104.

FIG. 10 1s a diagram 1illustrating a configuration example
of the RG management table 13200.

The RG management TBL 13200 includes, for each RG,

a RG #13201, a disk type 13202, a RAID level 13203, a
RAID configuration 13204, a compression configuration
13205, and a disk #13206.

The RG #13201 i1s an identifier of an RG and 1s a unique
number. The disk type 13202 indicates a type of disks that
configure the RG. The RG 1s configured from the same type

of disks.

The RAID level 13203 1ndicates a RAID level of the RG.
The RAID level takes various values such as RAID 1+0, 1,
3,4, 5, and 6. The RAID configuration 13204 indicates the
number of data disks (disks that store data) that configure the
RAID and the number of parity disks (disks that store

parity). The compression configuration 13205 indicates a
configuration state of the compression function for the disks
that configure the RG. When the compression configuration
13205 1s ON, the compression configuration of all of the
disks that configure the RG 1s ON. When the compression
configuration 132035 1s OFF, the compression configuration
of all of the disks that configure the RG 1s OFF. The disk
#13206 indicates numbers (disk #s) of the disks that con-
figure the RG. The disk #13206 includes valid disk #s that
are the same number as the number of disks indicated by the
RAID configuration 13204.

FIG. 11 1s a diagram 1llustrating a configuration example
ol the pool management table 13300.

The pool management TBL 13300 includes, for each pool,
a pool #13301, an RG #13302, an RG remaining capacity
13303, and a pool remaining capacity 13304.

The pool #13301 1s an 1dentifier of a pool and 1s a unique
number. The RG #13302 indicates RG numbers of all of RGs
that configure the pool. The RG remaining capacity 13303
indicates a remaiming capacity ol each RG. The pool remain-
ing capacity 13304 indicates a remaining capacity of the
pool, and 1s equal to a total amount of the RG remaining
capacity 13303 of the RGs that configure the pool. The RG
remaining capacity 13303 and the pool remaining capacity
13304 are updated by the processor 104 (write I/O program
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12100) to a decreased value due to write of data, when write
of data occurs 1n an extent unallocated area of the virtual
volume

FIG. 12 1s a diagram 1llustrating a configuration example
of the entry management table 13800.

The entry management TBL 13800 includes, for each

disk, a disk #13801, an entry #13802, a size 13803, a
start-LBA 13804, a last-LBA 13805, and allocation desti-
nation extent #13806.

The disk #13801 1s an 1dentifier (disk #) of a disk and 1s
a unique number. The entry #13802 1s an 1dentifier (entry™)
ol an entry created 1n the disk and 1s a unique 1dentifier for
cach disk. The size 13803 indicates a capacity of the entry
(for example, in units of byte).

The start-LBA 13804 and the last-LBA 13805 indicate
that which number of LBA to which number of LBA of an
address space are used to create the entry. To be specific, the

start-LBA 13804 1s a number of a head LBA of the address
space of the entry, and the last-LBA 138035 1s a number of
a tail LBA of the address space of the entry.

The allocation destination extent #13807 indicates
whether the entry has been allocated to an extent. To be
specific, when the entry has been allocated to an extent, the
allocation destination extent #13807 indicates the extent # of
the allocation destination, and when the entry has not been
allocated to an extent, the allocation destination extent
#13807 indicates “N/A” that indicates unallocation.

FIG. 13 1s a diagram 1llustrating a configuration example
of the extent management table 13400.

The extent management TBL 13400 includes, for each
extent, an extent #13401, a size 13402, a disk #13403, and
an allocation entry #13404.

The extent #13401 1s an identifier of an extent and 1s a
unique number. The size 13402 indicates a capacity of the
extent (for example, 1n units of byte). The disk #13403 and
the allocation entry #13404 1ndicate a disk # of the disks that
configure the extent and an entry # of the entry.

FI1G. 14 1s a diagram 1illustrating a configuration example
of the virtual volume management table 13500.

The virtual volume management TBL 13500 includes, for
cach virtual volume, an LU #13501, a virtual capacity

13502, an actual use capacity 13503, a virtual extent
#13504, and an allocation extent #13505.

The LU #13501 1s an 1dentifier (LU #) of a virtual volume
and 1s a umque number. The virtual capacity 13502 i1s a
virtual capacity of the virtual volume. A virtual capacity
corresponding to the virtual capacity 13502 1s provided to
the host computer 30. The actual use capacity 13503 i1s a
total value of capacities of extents actually allocated to the
virtual volume.

The virtual extent #13504 1s an identifier of a virtual
extent imncluded 1n the virtual volume. The example of FIG.
14 1llustrates virtual extent #s 0 to n are included 1n the
virtual volume of the LU #0. The virtual extent #s 13504 are
arranged 1n ascending order. To which virtual extent # a
logical block address (LBA) specified with an R/W com-
mand 1ssued from the host computer 30 corresponds can be
obtained by calculation. The allocation extent #133505 1s an
identifier (number) of an extent allocated to the wvirtual
volume. The storage controller 100 manages an allocation

state of an extent, for each virtual extent. In the example of
FI1G. 14, an extent #0 1s allocated to a virtual extent #0, and
an extent #100 1s allocated to a virtual extent #1. Note that
the extent #13505 corresponding to the wvirtual extent
#13504 of the virtual extent to which an extent that 1s a
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that indicates no extent 1s allocated. The example of FIG. 14
indicates that no extent 1s allocated to the virtual extent of a
virtual extent # n.

FIG. 15 15 a diagram 1llustrating a configuration example
of the statistical information management table 13600.

The statistical information management TBL 13600 1s
information (input/output amount information) related to
access states of R/W and the like to each entry and/or an
extent. The storage controller 100 monitors an R/W state 1n
units of entry, and configures the statistical information
management TBL 13600. Note that the access state of R/'W
to an extent can be acquired such that the storage controller
100 adds values of information of entries belonging to each
extent, based on the contents of the statistical information
management 1TBL 13600.

The statistical i1nformation management TBL 13600
includes, for each disk, a disk #13601, an entry #13602, an
average WR 1/0 si1ze 13603, an average RD 1/0 s1ze 13604,
a WR ratio 13605, a WR amount 13606, and an RD amount
13607. Note that at least one of the information 1tems 13601
to 13607 may sometimes be called statistical information.

The disk #13601 1s an identifier of a disk and 1s a unique
number. The extent #13602 1s an 1dentifier of an extent based
on the disk and 1s a unique number.

The average WR 1/O size 13603 and the average RD 1/O
s1ze 13604 are average values of I/O sizes of WR /O and
RD I/O occurring in the entry. The WR ratio 13603 1s a ratio
of the WR command, of I/O requests occurring in the entry.
The WR amount 13606 and the RD amount 13607 indicate
a total amount of WR data and a total amount of RD data
occurring in the entry. Note that the WR amount 13606 and
the RD amount 13607 are numerical values that are records
of I/O contents requested by the storage controller 100 to the
SSD, and thus these numerical values are values become
compression. In the present example, the statistical infor-
mation 1s monitored 1n units of entry and/or extent, so that
a momitoring load can be decreased, compared with a case
where the statistical information 1s monitored 1n units of
block or page of flash memory.

The storage controller 100 monitors the access state of the
extent being allocated, based on the virtual volume man-
agement TBL 13500. The statistical information indicates an
accumulation value and tendency of R/W of after the extent
1s allocated to the virtual volume. Note that the statistical
information may be an accumulation value per unit time.

Further, the statistical information of the target extent of
cach processing may be reset alter execution of the exhaus-
tion avoidance processing, the life leveling processing, or
the I/O performance rebalance processing. For example, the
storage controller 100 may reset only the statistical infor-
mation related to the migrated extent in the life leveling
processing.

FIG. 16 1s a diagram 1illustrating a configuration example
of the FM WR amount expectation table 13700 in the
present example.

The FM WR amount expectation TBL 13700 1s config-
ured based on the disk management TBL 13100 and the
statistical information management TBL 13600. The FM
WR amount expectation TBL 13700 includes, for each disk,
a disk #13701, an entry #13702, a WR amount 13703, a
compression ratio 13704, and an FM WR expected amount
13705.

The disk #13701 1s an 1dentifier of a disk and 1s a unique
number. The entry #13702 1s an 1dentifier of an entry and 1s
a unique number.

The WR amount 13703 indicates a total amount of WR
data having the entry as a write destination. The WR amount
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13703 1s updated based on the value of the WR amount
13606 of the statistical information management TBL
13600, 1n expecting an FM WR amount. The compression
ratio 13704 1s an average value of the compression ratios in
the disk, and 1s configured based on the internal information
acquired from the SSD. The compression ratio 13704 is
configured such that the value of the average compression
ratio 13109 of the disk management TBL 13100 1s copied in
expecting the FM WR amount. Note that, in the present

example, the average value of the compression ratios of a
disk unit 1s used. Therefore, numerical values of all of the

entries are the same value.

The FM WR expected amount 13705 indicates an
expected amount (FM WR expected amount) of data actu-
ally written 1n the flash memory. In the present example, a
value obtained by multiplying the WR amount 13703 of a
certain entry and the average compression ratio 13704 of the
entire disk to which the entry belongs 1s regarded as the FM
WR expected amount generated in the entry. Further, the FM
WR expected amount 1n an extent unit can be acquired by
calculating a total of the FM WR expected amounts of one
or more entries that configure the extent.

For example, 1f the WR expected amount to the certain
extent 1s large, rewrite of data to a block frequently occurs
in the SSD that 1s the base of the extent, and the number of
times of deletion of the block 1s increased. I the number of
times of deletion of the block 1s increased, life of the SSD
having the block becomes short. If the migration target
extent 1s determined based on the WR expected amount of
the extent 1n performing the life leveling, the SSD life can
be highly accurately leveled. Note that migration target data
may be the entry.

FIG. 17 1s a diagram 1illustrating a configuration example
of the cache memory 716 in the SSD 700.

The cache memory 716 includes a program area 22000, a
table area 23000, and a data cache area 24000.

The program area 22000 and the table area 23000 are
areas 1 which programs and various tables for controlling
the SSD 700 are stored. The data cache area 24000 1s an area
for temporarily storing user data.

The program area 22000 includes a write I/O program
22100, a read 1/O program 22200, an 1n-SSD WL program
22300, a free capacity generation program 22400, an SSD
internal information communication program 22500, and a
compression/expansion program 22600.

The write I/O program 22100 1s a program for processing,
the WR request from the storage controller 100. The read I/O
program 22200 1s a program for processing the RD request
from the storage controller 100. The 1n-SSD WL program
22300 1s a program for executing WL in the SSD. The free
capacity generation program 22400 1s a program for execut-
ing reclamation processing that 1s performed to avoid
exhaustion of the free capacity of the SSD 700.

The SSD internal information communication program
22500 1s a program for creating the internal information of
the SSD according to the request of the storage controller
100, and for notifying the SSD internal information to the
storage controller 100. The compression/expansion program
22600 15 a program for executing compression/expansion of
data using the processor 713 by the SSD controller 710.
Note that the compression/expansion of data may be
executed by control of the compression/expansion circuit
718 by the compression/expansion program 22600.

The table area 23000 1ncludes a logical-physical conver-
s1on table 23100, a statistical information management table
23200, and a compression configuration tlag 23300.
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The logical-physical conversion TBL 23100 i1s a table for
managing correspondence between the logical address space
and the physical address space of the SSD 700. The statis-
tical immformation management TBL 23200 1s a table for
managing the statistical information of the SSD. The com-
pression configuration flag 23300 1s a flag that indicates
whether the compression configuration of the SSD 700 1s
ON or OFF.

The data cache area 24000 1s an area in which the user
data 24100 1s stored. Here, the user data 24100 1s data
written 1n a block and data read from a block.

FIG. 18 1s a diagram illustrating a configuration example
of the logical-physical conversion table 23100.

The logical-physical conversion table 23100 includes a
start-LBA 23101, a block #23102, a page #23103, and a cord
word (CW) #23104.

The start-LBA 23101 indicates a start position of an LBA
provided to the storage controller 100. Note that an I/O umt
of the flash memory 1s page, and thus a numerical value of
the start-LBA 23101 1s managed by a multiple of the page
size. The block #23102, the page #23103, and the CW
#23104 1ndicate information (a block #, a page #, and a CW
#) of the physical address space corresponding to the start-
[LLBA 23101. Note that, in the present example, the SSD has
the data compression function, and thus 2 pages or more of
the logical address space may be mapped 1n 1 page of the
physical page. FIG. 18 1illustrates that the logical address
space corresponding from the LBA 0 to the LBA 8191, and
the logical address space corresponding from the LBA 8192
to the LBA 16383 are stored in the same physical page (the
page #0 of the block #0). Further, the start-LBA 23101
corresponds to the logical address space 900. Therefore,
there 1s one having no WR from the storage controller 100,
and to which no physical page 1s actually allocated. In this
case, the block #23102, the page #23103, and the CW
#23104 that indicate a physical address space corresponding
to the start-LBA are invalid information.

FIG. 19 1s a diagram 1illustrating a configuration example
of the statistical information management table 23200 1n the
SSD.

In the statistical information management TBL 23200,
information notified by the processor 713 in response to a
request from the storage controller 100 1s stored. The
statistical information management TBL 23200 includes a
write request total amount 23211, a read request total
amount 23212, an FM write total amount 23213, an average
compression ratio 23214, an FM read total amount 23215,
and a remaining number of times of deletion 23216.

The write request total amount 23211 and the read request
total amount 23212 are respective total amounts of WR-
requested data and read-requested data, from the storage
controller 100 to the SSD 700, and the respective total
amounts become the same values as the total of the WR
amount 13606 and the total of the RD amount 13607 in the
statistical information management TBL 13600. The FM
write total amount 23213 and the FM read total amount
23215 are a total value of data actually written in the FM
780, and a total value of data actually read from the FM 780.
Note that these values include an R/W amount occurring in
the SSD 1n the processing such as reclamation, other than the
R/W request from the storage controller 100. The FM write
total amount 23213 becomes the same value as the FM use
amount 13111 of the disk management TBL 13100.

The average compression ratio 23214 1s an average value
of the compression ratios of the compressed data obtained
by the data compression processing 1n the SSD. The remain-
ing number of times of deletion 23216 1s a value obtained by
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subtracting a total value of the number of times of deletion
of the FM occurring due to WR of data to the FM, from the
maximum number of times of deletion supported by the
vendor. The numerical value of the statistical information
management TBL 23200 1s updated when R/W or deletion
ol data occurs.

FI1G. 20 1s a diagram 1illustrating a configuration example
of an SSD internal information acquisition command 25000
and an execution result notification command 25100 that 1s

a response ol the SSD internal information acquisition
command 25000.

The SSD mternal information acquisition command

25000 1s a command transmitted from the storage controller
100 to the SSD 700.

The SSD mternal information acquisition command
25000 1includes, for example, a command #235001 and an
acquisition target 25002. The command #235001 1s an 1den-
tifier (command #) of the command. The acquisition target
25002 1s an 1tem of a target that the storage controller 100
wishes to acquire from the SSD. To be specific, the acqui-
sition target 25002 indicates which 1tem value 1s required, of
the 1tems included in the statistical information management
TBL 23200 of the SSD 700.

The execution result notification command 235100 1s a
command transmitted from the SSD 700 to the storage
controller 100, and 1ncludes response contents to the SSD
internal 1nformation acquisition command 25000. The
execution result notification command 25100 includes, for
example, a command #25101 and disk internal information
25102. The command #25101 indicates to which request
command the response 1s, and 1s the command #25001
corresponding to the request command. The disk internal
information 235102 1s a response value to the contents
specified 1n the acquisition target 25002, and this value 1s a
value calculated or copied from the statistical information
management TBL 23200 of the SSD.

FIG. 21 1s a sequence diagram 1llustrating an example of
a tlow of processing related to write processing of the host
computer 30. Note that processing of the storage controller
100 1n FIG. 21 1s realized by execution of the write 1/0O
program 12100, and processing of the SSD controller 710 1s
realized by execution of the write I/O program 22100.

The host computer 30 transmits the WR request to the
storage controller 100 (S100). The storage controller 100
receives the WR request, and determines whether the extent
has been allocated to a WR destination range (the address
range ol the virtual volume) indicated by the WR request,
based on the virtual volume management table 13500
(S101). Note that the storage controller 100 can allocate the
extent to the WR destination range indicated by the WR
request, upon reception of the WR request.

As a result of the determination, when the extent has
already been allocated (Yes 1n S101), the storage controller
100 prompts the host computer 30 to transmit WR data.
Meanwhile, when the extent has not yet been allocated (No
in S101), the storage controller 100 finds an unallocated
extent, allocates the extent to the virtual extent in the WR
destination range (S102), and prompts the host computer 30
to transmit the WR data.

Next, the host computer 30 transmits the WR data (5103),
and the storage controller 100 stores the received data 1n the
cache memory 103 (5104). Note that the storage controller
100 may allocate the extent when transierring the data from
the cache memory 103 to the SSD 700.

Next, the storage controller 100 transmits, to the SSD
controller 710 of the SSD 700 that 1s a storage destination of
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data, the data stored in the cache memory 103, and the WR
request about the data (S105).

The SSD controller 710 receives the data and the WR
request from the storage controller 100, and determines
whether the data compression 1s effective, by reference to
the own compression configuration tlag 23100 (5106). As a
result, when the data compression 1s effective (Yes 1n S106),
the SSD controller 710 compresses the data (S107), deter-
mines the FM position (the block #, the page #, and the CW
#) of the storage destination of the data, by reference to the
logical-physical conversion TBL 23100, and stores the data
in the determined FM position (S108).

Meanwhile, when the data compression configuration 1s
ineflective (No 1n S106), the SSD controller 710 does not
perform the data compression, determines the FM position
of the storage destination of data, based on the logical-
physical conversion TBL 23100, and stores the data 1n the
determined FM position (S108).

After execution of S108, the SSD controller 710 updates
the write request total amount 23211, the FM write total
amount 23213, the average compression ratio 23214, and the
remaining number of times of deletion 23216 of the statis-
tical mformation management TBL 23200 related to the
received data (5109). Next, the SSD controller 710 transmits
a transier completion response to the storage controller 100,
as a response to the WR request recerved 1n S106 (S110).

When having received the transifer completion response
from the SSD controller 710, the storage controller 100
updates the average WR I/O size 13603, the WR ratio
13605, and the WR amount 13606 of the statistical infor-
mation management TBL 13600 (S111). Following that, the
storage controller 100 transmits the transfer completion
response to the host computer 30, as a response to the WR
request recerved 1 S101 (S112).

When having received the transier completion response
from the storage controller 100, the host computer 30
terminates the series of processing (S113).

Note that the storage controller 100 may transmit the
transier completion response to the host computer 30 at a
time point when storing the data in the cache memory 103,
and then transier the data from the cache memory 103 to the
SSD 700. Such processing 1s called post WR processing, and
1s known as a method that improves WR processing pertor-
mance of the storage controller 100.

FIG. 22 1s a sequence diagram 1llustrating an example of
a flow of processing related to read processing of the host
computer 30. Note that processing of the storage controller
100 in FIG. 22 1s realized by execution of the read I/O
program 12200, and processing of the SSD controller 710 1s
realized by execution of the read I/O program 22200.

The host computer 30 transmits the RD request of data to
the storage controller 100 (S200).

The storage controller 100 receives the RD request of
data, 1dentifies the SSD 710 to serve as the base of the extent
allocated to an RD range (the address range of the virtual
volume) according to the RD request, and transmits the RD
request (staging request) of data to the SSD controller 710
of the identified SSD 710 (S201).

The SSD controller 710 recerves the RD request of data,
identifies the physical address range corresponding to the
logical address range according to the RD request, based on
the logical-physical conversion TBL 23100, and performs
processing of reading data from the physical address range
(one or more pages). In this processing, the SSD controller
710 confirms whether the data compression 1s eflective
(5202), and when the data compression 1s effective (Yes 1n

S5202), the SSD controller 710 expands the read data (5203 ),




US 9,727,255 B2

23

and transmits the expanded data to the storage controller 100
(S204). Meanwhile, when the data compression 1s not eflec-
tive (No 1n S202), the SSD controller 710 transmits the read
data to the storage controller 100 without performing expan-
sion (S204).

Next to S204, the SSD controller 710 updates the read
request total amount 23212 and the FM read total amount
23215 1n the statistical information management TBL 23200
(S205).

When having received the data from the SSD controller
710, as a response to the RD request transmitted 1n S201, the
storage controller 100 stores the received data in the cache
memory 103 (S206), and updates the average RD 1/O size
13604, the WR ratio 13605, and the RD amount 13607 of the
statistical information management TBL 13600 (5207). Fol-
lowing that, the storage controller 100 transmits the data
stored 1 the cache memory 103 1 S206 to the host
computer 30 (S208).

When having received the data from the storage controller
100, as a response to the RD request transmitted in S200, the
host computer 30 terminates the read processing (S209).

FIG. 23 1s a sequence diagram 1illustrating an example of
a flow of the asynchronous processing for SSD.

The storage controller 100 requests the SSD controller
710 to transmit the internal information, using the SSD
internal information acquisition command 25000 (see FIG.
20). The storage controller 100 receives the execution result
notification command 25100 from the SSD controller 710,
as a response to the request (S300). The information
acquired in the processing of S300 1s the data (the FM write
total amount 23213, the average compression ratio 23214,
the FM read total amount 23215, and the remaining number
of times of deletion 23216) stored 1n the statistical informa-
tion management TBL 23200.

The storage controller 100 updates the disk management
TBL 13100, based on the acquired internal information
(S301). To be specific, the storage controller 100 updates the
FM write total amount 13108 and the FM use amount 13111,
based on the FM write total amount 23213, updates the FM
read total amount 13107, based on the FM read total amount
23215, updates the average compression ratio 13109, based
on the average compression ratio 23214, and updates the
remaining number of times of deletion 13110, based on the
remaining number of times of deletion 23216.

Next, the storage controller 100 calculates the exhaustion
risk of the disk, based on the information of the disk
management TBL 13100 (S302). Here, the exhaustion risk 1s
an 1mdex for determining ease ol exhaustion of the disk. In
the present example, the disk 1s more easily exhausted, as the
numerical value 1s larger, in the present example. The
exhaustion risk 1s calculated by the WR amount to the
diskxthe average compression ratio+the free capacity. That
1s, the exhaustion risk becomes higher, as the WR frequency
1s higher, the compression ratio 1s worse, and the {free
capacity 1s smaller. The WR amount to the disk 1s a total of
the WR amounts 13606 in the statistical information man-
agement TBL 13600 in a disk unit, the average compression
ratio 1s the average compression ratio 13109 of the disk
management TBL 13100, and the free capacity can be
calculated by subtracting the FM use amount 13111 from the
physical capacity 13112 of the disk management TBL
13100.

Next, the storage controller 100 determines whether the
exhaustion risk 1s equal to or larger than a threshold, and
determines whether executing the exhaustion avoidance
processing (S303). Note that the threshold may be config-
ured by the manager of the storage apparatus 10 through
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control software or the like installed 1n the host computer 30.
When the exhaustion risk 1s equal to or larger than the
threshold, and the exhaustion avoidance processing 1s deter-
mined to be necessary (Yes 1n S303), the storage controller
100 executes the exhaustion avoidance processing (see FIG.
25) (S304), and advances the processing to S3035 after
termination of the exhaustion avoidance processing. Mean-
while, the exhaustion risk 1s not equal to or larger than the
threshold, and the exhaustion avoidance processing 1s deter-
mined to be unnecessary (No 1n S303), the storage controller
100 advances the processing to S305.

The storage controller 100 determines necessity of the life
leveling processing 1n S305, and thus calculates the remain-
ing life 1n an RG unit (S305). Here, the remaining life 1n an
RG unit may be a worst value of the remaining lives of the
SSDs that configure the RG, or may be an average value of
the remaining lives of the SSDs. A method of calculating the
remaining lives of the SSDs will be described below using
FIG. 24. The storage controller 100 stores the calculated
remaining lives of the SSDs 1n the expected remaining life
13105 of the disk management TBL.

Next, the storage controller 100 obtains a difference 1n the
remammg lives between the RGs, and determines whether
the difference 1s equal to or larger than a threshold and
whether executing the life leveling processing (S306). Note
that the threshold may be configured by the manager of the
storage apparatus 10 through the control software or the like
installed 1n the host computer 30. Note that whether execut-
ing the life leveling processing may be determined accord-
ing to whether there 1s an SSD that ends the life before the
warranty period (whether there 1s an SSD having a smaller
expected remaining life 131035 than the remaining warranty
period 13104).

As a result, when the diflerence 1s equal to or larger than
the threshold, and the life leveling processing 1s determined
to be necessary (Yes in S306), the storage controller 100
executes the life leveling processing (see FIG. 26) (S307).
When the life leveling processing 1s terminated, the pro-
cessing proceeds to S305 again. Accordingly, the remaining
life of the RG of the SSD 1s calculated again about a state
after the life leveling processing, and whether the difference
in the remaining lives 1s equal to or larger than the threshold
1s determined 1n S306.

Meanwhile, when the difference 1s not equal to or larger
than the threshold, and the life leveling processing 1s deter-
mined to be unnecessary (No 1n S306), the storage controller
100 calculates the I/O amount per RG physical capacity 1n
order to determine necessity of the I/O performance rebal-
ance processing (S308). Here, the I/O amount per RG
physical capacity 1s calculated by the I/O amount of the
RGxthe average compression ratio+the RG physical capac-
ity. The I/O amount of the RG can be calculated by calcu-
lating the I/O amounts of the SSDs from the WR amount
13606 and the RD amount 13607 of the statistical informa-
tion management TBL 13600, and adding the I/O amounts
of the SSDs that configures the RG. The average compres-
s1on ratio 1s the worst numerical value of the compression
ratio i the RGs from the average compression ratio 13109
of the disk management TBL 13100. The RG physical
capacity can be calculated by adding the physical capacities
of the SSDs that configure the RG from the physical capacity

13112 of the disk management TBL 13100.

Next, the storage controller 100 obtains a difference 1n the
I/O amounts per physwal capacﬂy between the RGs, deter-
mines whether the diflerence 1s equal to or larger than a
threshold, and determines whether executing the I/0 perfor-
mance rebalance processing (S309). As a result, when the




US 9,727,255 B2

25

difference 1s equal to or larger than the threshold (Yes 1n
S5309), the storage controller 100 executes the 1I/O perfor-
mance rebalance processing (see FIG. 29) (S310), and
terminates the asynchronous processing for SSD after ter-
mination of the I/O performance rebalance processing.
Meanwhile, the difference 1s less than the threshold (No 1n
S5309), the storage controller 100 terminates the asynchro-
nous processing for SSD.

Note that the asynchronous processing for SSD may be
executed at arbitrary timing, may be executed 1n regular
intervals (every other day), or may be executed at timing
when a specific command has been received. Further, the
asynchronous processing for SSD may be executed by an
indication of execution opportunity of the present processing
from the control software of the host computer 30 by the
user.

Further, according to FIG. 23, the processing 1s performed
in descending order of priority in which the exhaustion
avoildance processing has the highest priority, the life lev-
cling processing has the second highest priority, and the I/O
performance rebalance processing has the lowest priority.
However, the priority of each processing may be different
from the priority of FIG. 23. For example, the priority of the
I/0 performance rebalance processing may be higher than
the priority of the life leveling processing.

Further, there 1s a plurality of types of data arrangement
control processing such as the exhaustion avoidance pro-
cessing, the life leveling processing, and the I/O perfor-
mance rebalance processing (processing in which data
migration between storage devices 1s caused). The storage
controller 100 may determine, before performing any of the
data arrangement control processing (the target data arrange-
ment control processing), whether a condition to skip the
data arrangement control processing having higher priority
(previously performed data arrangement control processing)
than the target data arrangement control processing remains
satisiied even if the target data arrangement control process-
ing 1s performed. The “condition to skip the data arrange-
ment control processing having higher priority remaining,
satisfied” means that the condition to be satisfied by the dada
arrangement control processing having higher priority
remains satisfied. Examples include the exhaustion risk
remaining less than the threshold, the difference in the
remaining lives between the RGs remaining less than the

threshold, and the difi

erence 1n the I/O amounts between the
RGs remaining less than the threshold. When a result of the
determination 1s aflirmative, the storage controller 100 may
perform the target data arrangement control processing.
When a result of the determination 1s negative, the storage
controller 100 may skip the target data arrangement control
processing (does not need to perform the processing).

FIG. 24 1s an explanatory diagram of an outline of life
expectation of an SSD. The life expectation of an SSD 1s
processing executed in S305 of FIG. 23. The diagram of
FIG. 24 has time in the horizontal axis, and the remaining
number of times of deletion of the SSD 1n the vertical axis.

As an example of a life expectation method of an SSD, a
method of expecting an arrival time point to the end of the
life of the SSD from a rate of decrease 1n the remaining
number of times of deletion will be described. Here, the life
of the SSD 1s a period 1n which the SSD can be actually
used. When WR 1s concentrated in a certain SSD, the life of
the SSD becomes short. Therefore, 1t 1s necessary to perform
life leveling processing (to be specific, processing of
exchanging data stored in the extent or the entry between the
SSDs) so that another SSD having a long life can be actively
used. Note that, in the life leveling processing, an SSD
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having a short remaining life (an SSD 1n which the remain-
ing life 1s equal to or less than a threshold) 1s detected.

In FIG. 24, t (previous time) 30000 represents a time point
(previous life expectation time) when the life expectation 1s
performed 1n the previous time, and 1s a time point corre-
sponding to a value of the information updated date 13103
of the disk management TBL 13100. EZ (previous time)
30003 represents the remaining number of times of deletion
in the previous life expectation time, and 1s the number of
times of the remaiming number of times of deletion 13110.
Further, t (present) 30001 1s a time point when the life
expectation of this time 1s performed. EZ (present) 30002 1s
the present remaining number of times of deletion, and 1s a
value that can be acquired from the SSD internal informa-
tion acquired this time.

First, an inclination (I) 1s calculated by the following
expression (1).

The mclmation(l)=(EZ(present)-EZ(previous time))+
(f(present)—#(previous time))

(1)

Here, the rate of decrease in the remaining number of
times of deletion 1s larger as the inclination (I) 30004 1s
larger.

Next, t (reaching end of the life) 1s calculated by the
tollowing expression (2), using the inclination (I) 30004 and
the EZ (present) 30001 that 1s the remaining number of times
ol deletion of the present time point.

The #(reaching end of the life)=-—(EZ(present)+the
inclination(J))

(2)

The t (reaching end of the life) 30005 1s a time when the
remaining number of times of deletion becomes zero, that 1s,
an end of life arrival time. In this way, the remaining life
period can be calculated from the remaining number of
times ol deletion and the rate of decrease in the remaining
number of times of deletion. The remaining life period 1s
stored 1n the expected remaining life 13105 of the disk
management 1TBL 13100.

It 1s 1mportant that the storage device and the storage
apparatus are continuously used for a predetermined period
(for the warranty period, five years, for example), and the
data 1s guaranteed. Therefore, the life leveling processing 1s
executed using the warranty period as one index, so that a
plurality of storage devices (the SSDs, for example) can be
used for a period equal to or larger than the warranty period.
Note that, when the total amount of all write of data that can
be written by when the SSD reaches the end of the life 1s
known, t (reaching end of the life) may be calculated having
the vertical axis of FIG. 24 as the remaining write amount
(a value obtained by subtracting the FM write total amount
13108 from the total amount of all write).

FIG. 25 1s a flowchart illustrating an example of the
exhaustion avoidance processing according to the {first
example. The exhaustion avoidance processing corresponds
to the processing of S304 of FIG. 23.

The storage controller 100 calculates the exhaustion risk
of an RG unit 1n all of the RGs 1 the pool 500 (5500). The
exhaustion risk of an RG unit may be the worst value of the
exhaustion risk of an SSD unit calculated i S302 of FIG.
23, 1 the SSD 700 that configures the RGs, or may be an
average value of the exhaustion risks of the SSD that
configure the RGs.

Next, the storage controller 100 1dentifies the RG having
the highest exhaustion risk and the RG having the lowest
exhaustion risk (5501). Next, the storage controller 100
performs the FM WR amount expectation processing (see
FIG. 27) of expecting the FM WR amount of each entry or
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extent, based on the statistical information management
TBL 13600 and the statistical information management TBL
23200 of the SSD 700 (S505).

Next, the storage controller 100 calculates the migration
data amount (S502). As the migration data amount, a value
that falls below a threshold may be the migration amount, or
a value of leveling the exhaustion risks between the target
RGs (the RG having the maximum exhaustion risk and the
RG having the minimum exhaustion risk) may be the
migration amount. The threshold may be configured by the
manager of the storage apparatus 10 through the control
software or the like installed 1n the host computer 30.

Next, the storage controller 100 executes the data migra-
tion processing (see FIG. 37) of migrating data by the
determined amount (S503). Finally, the storage controller
100 updates the information of the various TBLs (5504), and
terminates the exhaustion avoidance processing.,

According to the exhaustion avoidance processing, the
data having a large FM WR amount 1s migrated from the RG
having a high exhaustion risk to the RG having a low
exhaustion risk 1n units of extent, so that the risk of
exhaustion of SSD can be decreased by the smallest number
of times of extent migration.

FIG. 27 1s a flowchart 1llustrating an example of the FM
WR amount expectation processing according to the first
example. The FM WR amount expectation processing cor-
responds to the processing of S503 of FIG. 25. The FM WR
amount expectation processing 1s processing in which the
storage controller 100 calculates the FM WR expected
amount 13705 of the FM WR amount expectation TBL
13700.

The storage controller 100 selects an entry that i1s a
calculation target of expectation of the FM write amount
(S3031). Next, the storage controller 100 stores (copies) a
value acquired from the average compression ratio 13109 of
the disk management TBL 13100 to the compression ratio
13704 of the selected entry (S3032). Following that, the
storage controller 100 acquires the WR amount 13606
corresponding to the entry from the statistical information
management TBL 13600, for the WR amount 13703 of the
entry, and stores (copies) the acquired data (S3033).

Following that, the storage controller 100 calculates the
FM WR expected amount 13703 of the entry, by multiplying
the WR amount 13703 and the compression ratio 13704
(S3034). Next, the storage controller 100 determines
whether the calculation target entry remains (S3035), and
when the calculation target entry remains (No 1 S30335), the
storage controller 100 selects the next entry, and repeats the
processing from S3032 to S3035. Meanwhile, in S3035,
when having determined that no calculation target entry
remains ( Yes 1n S30335), the storage controller 100 calculates
the FM WR expected amount of each extent (53036). To be
specific, the storage controller 100 1dentifies entries belong-
ing to each extent, by reference to the extent management
TBL 13400, and calculates a total value of the FM WR
expected amounts 13703 of the 1dentified entries. Following
that, the storage controller 100 terminates the FM WR
amount expectation processing.

FI1G. 37 1s a flowchart 1llustrating an example of the data
migration processing in the exhaustion avoidance process-
ing according to the first example. The exhaustion avoidance
processing corresponds to the processing of S503 of FIG.
25.

The storage controller 100 selects an extent having a large
FM WR expected amount calculated in the FM WR amount
expectation processing of S505, from among the RGs hav-
ing the maximum exhaustion risk 1dentified in S501 of FIG.

5

10

15

20

25

30

35

40

45

50

55

60

65

28

25 (S5031). The extent having a large FM WR expected
amount 1s an extent having the largest FM WR expected
amount 1n the plurality of extents.

Next, the storage controller 100 migrates the selected
extent to the RG having the mimimum exhaustion risk

identified 1 S501 of FIG. 25 (55032). Next, the storage

controller 100 determines whether the data amount migrated
from the RG having the maximum exhaustion risk to the RG
having the minimum exhaustion risk has reached the migra-

tion data amount calculated in S502 of FIG. 25 (55033).

As a result, if the result 1s negative (No 1 S35033), the
storage controller 100 repeats the processing from S5031.
Meanwhile, when the result 1s atlirmative (Yes in S35033),
the storage controller 100 terminates the data migration
processing.

According to the processing, the FM WR expected
amount of the RG having a high exhaustion risk 1s migrated
to the RG having a low exhaustion risk, so that the risk of
exhaustion of SSD can be decreased by the smallest number
of times of extent migration.

FIG. 26 1s a flowchart 1llustrating an example of the life
leveling processing according to the first example. The life
leveling processing corresponds to the processing of S307 of
FIG. 23.

The storage controller 100 identifies the RG having the
maximum remaining life and the RG having the minimum
remaining life (S601), and executes the FM WR amount
expectation processing (see FIG. 27) of expecting the FM
WR amount of each extent, based on the statistical infor-
mation management TBL 13600 and the statistical informa-
tion management TBL 23200 of the SSD 700 (5602).

Following that, the storage controller 100 executes the
data migration processing (see FIG. 28) of executing data
migration (S603), updates the various tables (S604), and
terminates the life leveling processing.

FIG. 28 1s a flowchart 1llustrating an example of the data
migration processing in the life leveling processing accord-
ing to the first example. The data migration processing 1s
processing corresponding to S603 of FIG. 26.

The storage controller 100 selects an extent (Al) having
a large FM WR expected amount, in the RG having a short
life 1dentified 1n S601 of FIG. 26 and serving as a migration
source ol data of the life leveling processing (S30410). Here,
the extent having a large FM WR expected amount 1s an
extent having the largest FM WR expected amount 1n a
plurality of extents.

Next, the storage controller 100 selects an extent (B1)
having a small FM WR expected amount, in the RG having
a long life identified in S601 of FIG. 26 and serving as a
migration destination of the life leveling processing
(S30411). The extent having a small FM WR expected
amount 1s an extent having the smallest FM WR expected
amount 1n a plurality of extents. Note that extends having an
FM WR expected amount that 1s equal to or less than a
threshold may be grouped, and one extent may be selected
from the group.

Then, the storage controller 100 determines whether the
FM WR expected amount of the extent (Al) 1s larger than
the FM WR expected amount of the extent (B1) (530412).
When the FM WR expected amount of the extent (B1) 1s
larger than the FM WR expected amount of the extent (Al),
if the data of the extent (B1) 1s migrated to the RG having
a short remaining life, the WR data amount to the RG 1s
further increased, and the number of times of deletion cannot
be leveled between the devices. Therefore, the determination
1s performed and the data exchange 1s cancelled, so that the
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number of times of deletion can be appropnately leveled
between the devices, without unnecessary data migration.
When a result of the determination 1s afhirmative (Yes in
S530412), the processor 104 exchanges the data in the extent
(A1) and the data in the extent (B1) (530413), and termi-

nates the data migration processing. Meanwhile, when the
result of the determination 1s negative (No 1n S30412), the
processor 104 cancels the data exchange (S30414), and
terminates the present processing.

By exchange of the extent having a large FM WR
expected amount of the RG having a short remaining life,
and the extent having a small FM WR expected amount of
the RG having a long remaining life, the WR data amount to
the SSD that configures the RG having a short remaining life
1s decreased. Therelfore, the decrease in the remaining life
can be suppressed. Meanwhile, the WR data amount of the
RG having a long remaiming life 1s increased. Theretfore, the
gap ol the remaining life between RGs can be decreased by
the data exchange. That 1s, the SSD life can be leveled.

FIG. 29 1s a flowchart illustrating an example of the I/O
performance rebalance processing according to the first

example. The I/O performance rebalance processing corre-
sponds to the processing of S310 of FIG. 23.

The storage controller 100 identifies the RG having the
maximum I/O amount per RG physical capacity, and the RG
having the mimmum I/O amount per RG physical capacity
(S901), and expects FM RD/WR expected amounts (the FM
RD expected amount and the FM WR expected amount) per
entry or extent, based on the statistical information manage-
ment TBL 13600 and the statistical information management
TBL 23200 of the SSD 700 (5902). To be specific, the
processing 1s processing of expecting the FM RD expected
amount as well, by similar processing to the FM WR amount
expectation processing illustrated in FIG. 27.

Following that, the storage controller 100 executes the
data migration (S903), updates the various tables (5904),
and terminates the performance I/O rebalance processing. In
S903, the storage controller 100 decreases the I/O amount to
the RG having a large I/O amount, and increases the 1/O
amount to the RG having a small I/O amount, by exchanging
the data between the extent having a large I/O amount of the
RG having a large I/O amount per RG physical capacity (FM
RD/WR expected amounts), and the extent having a small
I/O amount of the RG having a small I/O amount per RG
physical capacity, by the processing similar to the data
migration processing illustrated 1n FIG. 28. Therefore, the
gap of the I/O amount between RGs can be decreased by the
data exchange. That 1s, the storage controller 100 can level
the I/O performance. By the I/O performance rebalance
processing, the stored data 1s migrated from the RG having
a large 1/0O amount to the RG having a small I/O amount 1n
units of extent, so that a bottleneck of performance can be
avoided.

Second Example

Next, a second example will be described. In the second
example, a different portion from the first example will be
mainly described.

While, in the first example, the compression ratio has
been acquired as the average value of an SSD unit, 1n the
second example, a compression ratio 1s acquired 1n units of
entry. To be specific, an SSD controller 710 provides a data
compression ratio of an entry unit to a response command to
be transmitted to a storage controller 100 at the time of
completion of WR. By reference to the data compression
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ratio included in the response command, the storage con-
troller 100 can manage the compression ratio for each entry.

Accordingly, expectation accuracy of an FM WR
expected amount of each entry can be enhanced, compared
with the first example, and as a result, execution accuracy of
life leveling processing can be improved.

FIG. 30 1s a diagram 1illustrating a configuration example
ol a statistical information management table 13600 accord-
ing to the second example.

The statistical information management table 13600
according to the second example includes a compression
ratio 13608 that indicates the compression ratio of each
entry, 1n order to acquire the compression ratio for each
entry, 1n addition to the statistical information management
table 13600 according to the first example. Note that a

method of acquiring/updating the compression ratio 13608
will be described 1n detail using FIG. 32.

FIG. 31 1s a diagram 1illustrating a configuration example
of an FM WR amount expectation table 13700 according to
the second example.

The FM WR amount expectation TBL 13700 according to
the second example 1s different from the FM WR amount
expectation TBL 13700 according to the first example, 1n
that a compression ratio 13704 1s managed for each entry
#13702. As described above, the compression ratio 13704 1s
managed for each entry #13702, so that a diflerence 1n the
compression ratio can be appropriately managed when the
compression ratio 1s changed due to a difference 1n a data
pattern or the like, even 1n the case of the same disk 11.

FIG. 32 1s a diagram 1illustrating a configuration example
of a WR request command 25200 and a response command
25300 according to the second example.

The write request command 25200 according to the
second example 1s a WR request transmitted by the storage
controller 100 to the SSD controller 710, and includes a
command #25201, a data storage destination 25202, and
data 25203. The command #235201 1s an identifier for
managing a plurality of WR request commands, and a
unmique numerical value. The data storage destination 25202
indicates a disk # that 1s the storage destination of the WR
request data, an LBA, and the like. The data 25203 1s data
to be actually written.

The response command 25300 1s a command transmitted
by the SSD controller 710 to the storage controller 100, and
in which an execution result to the received WR request 1s
stored. The response command 25300 includes a command
# 25301, a processing result 25302, and a compression ratio
25303.

The command #25301 1s used to manage to which write
request command 25200 the response 1s, and indicates a
value corresponding to the command #25201. The process-
ing result 25302 1s a value indicating whether the WR
request has succeeded. The storage controller 100 can con-
firm an outcome of the WR request 1ssued to an SSD, by
referring to the value of the processing result 25302. As the
compression ratio 25303, a compression ratio of data 1n an
entry 1s stored.

Processing related to write processing according to the
second example will be described using the sequence dia-
gram of the processing related to the write processing
according to the first example 1llustrated in FIG. 21. Note
that diflerent points from the first example will be described.

The write request command 235200 1s used in processing,
(5105) 1n which the storage controller 100 requests the SSD
controller 710 to write data, 1n the processing related to the
write processing of FIG. 21. Further, the response command
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25300 1s used 1 processing (S110) in which the SSD
controller 710 notifies a result of the WR processing to the

storage controller 100.

In S111, the storage controller 100 acquires the compres-
sion ratio described in the response command 25200, and
updates the compression ratio 13608, based on the acquired
compression ratio, when updating the statistical information
management 1TBL 13600.

FIG. 33 15 a flowchart 1llustrating an example of FM WR
amount expectation processing according to the second
example. The FM WR amount expectation processing
according to the second example 1s processing correspond-
ing to S602 of FIG. 26.

A difference between the FM WR amount expectation
processing according to the second example and the FM WR
amount expectation processing (see FIG. 27) according to
the first example 1s that the compression ratio 13608 of the
statistical information management TBL 13600 is stored 1n
53132, for the compression ratio 13704 of entry, instead of
storing the average compression ratio 13109 of the disk
management TBL of the disk management TBL 13100.

Third Example

Next, a third example will be described. Note that only
different points from the first and second examples will be
described 1n the third example.

In the third example, write amplification (WA) 1s added to
information for expectation of an FM WR amount, 1n
addition to the compression ratio.

Typically, processing unique to an SSD such as WL or
reclamation occurs inside an SSD 700. Theretore, a data
amount actually written in a flash memory 1s larger than a
data amount actually acquired by the SSD 700 from a
storage controller 100. A ratio of the data amount actually
written 1n a flash memory to the received data amount 1s
called WA. An increase in a WR data amount due to the
processing mside the SSD also depends on an access pattern,
a size of WR data, and the like.

When the WR data amount 1s increased due to the unique
processing inside the SSD 700, the number of times of
deletion 1s 1ncreased. Therefore, in the third example, the
storage controller 100 additionally acquires the WA from the
SSD controller 710, and adds a value thereof to the infor-
mation for expectation of the FM WR expected amount,
thereby to further improve accuracy of life leveling process-
ing.

First, the WA will be described.

The WA 1s a ratio ((b)/(a)) obtained by dividing (b) by (a).
Here, (a) 1s the data amount received by the SSD 700 from
the storage controller 100, and (b) 1s the data amount to be
actually written 1n a flash memory.

For example, when the SSD 700 recerves WR data from
the storage controller 100 1n a state where no data 1s written
in the SSD 700, the data 1s written 1n a {ree page, as it 1s, and
thus there 1s a high possibility that the WA becomes “1.0”.
Further, when valid data 1s written 1n a page of the SSD 700,
and there 1s no free page and reclamation processing 1s
necessary, a page serving as a migration destination of the
valid data and a page in which the data from the storage
controller 100 1s written are necessary. Therefore, the WA
exceeds “1.0”. Note that the reclamation processing 1is
processing ol generating a block having invalid data, by
integrating pages in which valid data 1s stored and writing
the valid data to another block, when a free block begins to
be exhausted, and generating a free block, by deleting the
data 1n the block having mvalid data.
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Therefore, to accurately expect the data WR amount to the
FM, the WA that 1s a parameter indicating an internal copy
amount needs to be taken into consideration. Therefore, 1n
the third example, the storage controller 100 newly acquires
the WA from the SSD 700 through the SSD internal infor-
mation acqusition command, and adds the WA to the
information for expectation of the FM WR expected amount.

FIG. 34 1s a diagram 1illustrating a configuration example
of a disk management TBL 13100 according to the third
example. The disk management table 13100 according to the
third example newly includes a WA 13114 that indicates a
WA of each disk. As the WA 13114, a numerical value
acquired by the storage controller 100 from an SSD through
the SSD internal information acquisition command 1s stored.

FIG. 35 15 a diagram 1llustrating a configuration example
of an FM WR amount expectation table 13700 according to
the third example.

The FM WR amount expectation table 13700 according to
the third example newly include a WA 13706 that indicates
a WA of each disk. As the WA 13706, a value of the WA
13114 of the disk management TBL 13100 is copied 1n
expecting an FM write amount. In the third example, an FM
write expected amount 13703 1s calculated by multiplying a
write amount 13703 of an entry, a compression ratio 13704,
and the WA 13706.

FIG. 36 1s a flowchart 1llustrating an example of FM WR
amount expectation processing according to the third
example. The FM WR amount expectation processing
according to the third example 1s processing corresponding
to S602 of FIG. 26.

Differences between the FM WR amount expectation
processing according to the third example, and the FM WR
amount expectation processing (FIG. 27) according to the
first example and the FM WR amount expectation process-
ing (FIG. 33) according to the second example are that
processing ol acquiring the WA 13706 of an entry ifrom the
WA 13114 of the disk management TBL 13100 and storing
the WA 13706 (53234) i1s performed, and a method of
calculating an FM WR expected amount (S3235) 1s per-
formed by multiplication of the WR amount 13703, the
compression ratio 13704, and the WA 13706.

According to the FM WR amount expectation processing,
a state mside the SSD (for example, the FM WR expected
amount 13705) 1s expected by the storage controller 100,
based on the statistical information 25200, even if 1t 1s
difficult to recognize internal information of the SSD 700 1n
details, so that the life leveling processing can be highly

accurately realized.

As described above, an embodiment and some examples
have been described. However, the present invention 1s not
limited to the embodiment and the examples, and various
changes can be made without departing from the gist of the
invention.

For example, in the second example, the compression
ratio of an entry unit 1s notified from the SSD 700 to the
storage controller 100, and 1n the third example, the WA of
an entry unit 1s notified from the SSD 700 to the storage
controller 100. However, the FM use amount of an entry unit
may be notified from the SSD 700 to the storage controller
100. Accordingly, the storage controller 100 does not need
to expect the FM WR amount, and can execute the life
leveling processing, using the FM use amount as it 1s
notified from the SSD 700. Therefore, the load (calculation
amount) of the storage controller 100 can be suppressed.
Further, when the SSD 700 has the data compression func-
tion, and the data WR amount managed by the storage

controller 100 and the actual FM WR amount inside the SSD
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are different, the storage controller 100 can highly accurately
realize the life leveling processing and the I/O performance
rebalance processing.

Flash memory has a characteristic that destruction of data
1s easily caused even when data 1s repeatedly read from a
page. Therefore, a typical SSD has a function to store an
ECC that 1s an error correction code of data in the page
together with data, and recover a partially caused error with
the ECC at the time of reading data. Further, such an SSD

has a function to migrate the data to another page 1t the
number of data error occurrence exceeds a certain threshold.
Therefore, deletion of the flash memory may occur even
under circumstances where only RD of data occurs. There-
fore, as information for making a decision of the life leveling
processing, the mnformation (the number of RD 1I/Os and/or
the data RD amount) related to the RD of each extent or
entry may be used.

Further, 1n the first to third examples, the storage control-
ler 100 has performed the processing of converting the
remaining number of times of deletion into the remaining,
number of days. However, the SSD 700 may notify the
remaining number of days to the storage controller 100. This
can be realized such that the SSD 700 has a function to
convert the remaining number of times of deletion into the
remaining number of days, as illustrated in FIG. 24.

In the first to third examples, the exhaustion avoidance
processing, the life leveling processing and the 1/O perior-
mance rebalance processing are executed 1n units of extent.
However, these types of processing may be performed 1n
different units (for example, in units of entry or LU).

When an RG 1n compression configuration (compressed
RG) and an RG 1n decompression configuration (noncom-
pressed RG) are mixed in the storage apparatus 10, the
exhaustion avoidance processing, the life leveling process-
ing, and the I/O performance rebalance processing may be
performed between the compressed RG and the noncom-
pressed RG. Further, a plurality of patterns of migration
policies of the respective types of processing is prepared in
the storage apparatus 10, including: (1) the exhaustion
avoidance processing, the life leveling processing, and the
I/O performance rebalance processing are allowed only
between the compressed RGs, (2) the life leveling process-
ing and the I/O performance rebalance processing are
allowed only between the noncompressed RGs, (3) the
exhaustion avoidance processing, the life leveling process-
ing, and the I/O performance rebalance processing are
allowed between the compressed RG and the noncom-
pressed RG. The user or the manager selects the migration
policy according to intended purpose through the host
computer 30, the management computer, or the like, 1n units
of predetermined storage area (for example, 1n units of RG
or LU), and processing in accordance with the selected
migration policy may be performed by the storage apparatus
10.

Further, the data size of data compressed by an application
of the host computer 30 1s unchanged even if the data 1s
compressed in the SSD 700 of the storage apparatus 10
again. Therefore, an interface that notifies whether the data
has already been compressed, from the host computer 30 to
the storage controller 100, 1s prepared, and the storage
controller 100 may determine necessity ol compression,
based on the information, determine to which of the com-
pressed RG and the noncompressed RG the data 1s to be
stored, or determine the migration policy of the life leveling
processing. Here, the interface to be prepared may include a
field that indicates whether data has already been com-

10

15

20

25

30

35

40

45

50

55

60

65

34

pressed, 1n the write request command transmitted from the
host computer 30 to the storage controller 100.

REFERENCE SIGNS LIST

10 Storage apparatus
11 Disk

30 Host computer
100 Storage controller
700 SSD

710 SSD controller
780 Flash memory

781 Flash controller
10000 Storage system

The mnvention claimed 1s:

1. A storage apparatus comprising:

a plurality of semiconductor storage devices, each includ-
ing one or more non-volatile semiconductor storage
media and a medium controller coupled to the semi-
conductor storage media;

a storage controller coupled to the semiconductor storage
devices and configured to arrange the semiconductor
storage devices as a plurality of semiconductor storage
units, each of the semiconductor storage units including
one or more of the semiconductor storage devices, and
to store data to a logical storage area provided by the
semiconductor storage devices,

wherein the medium controller 1s configured to compress
the data stored 1n the logical storage area, and store the
compressed data to the semiconductor storage media,

wherein a size of a logical address space of the logical
storage area being larger than a total of si1zes of physical
address spaces of the semiconductor storage media,

wherein the storage controller i1s further configured to:

acquire, from each of the semiconductor storage
devices, exhaustion-related information for calculat-
ing a risk of exhaustion of a capacity of each of the
semiconductor storage units,

calculate, for each of the semiconductor storage units,
a capacity exhaustion risk that 1s the risk of exhaus-
tion of the capacity of the respective semiconductor
storage unit based on the acquired exhaustion-related
information, and

execute exhaustion avoidance processing ol migrating
data between the semiconductor storage units to
decrease the capacity exhaustion risk of any of the
semiconductor storage units based on the capacity
exhaustion risk of each of the semiconductor storage
units.

2. The storage apparatus according to claim 1, wherein the

storage controller 1s further configured to:

acquire, from each of the semiconductor storage devices,
remaining life information for calculating a remaining
life of each of the semiconductor storage units,

calculate, for each of the semiconductor storage units, the
remaining life of the respective semiconductor storage
unit based on the acquired remaining life information,
and

execute, for the semiconductor storage units, life leveling
processing of migrating data between the semiconduc-
tor storage units to level the remaining lives in the
semiconductor storage umnits based on the acquired
remaining life information, aiter the exhaustion avoid-
ance processing 1s terminated.

3. The storage apparatus according to claim 2, wherein the

storage controller 1s further configured to:
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acquire, from each of the semiconductor storage devices,
input/output amount information related to a data
amount mput/output to/from the semiconductor storage
units, and

execute, for each of the semiconductor storage units,
input/output leveling processing of migrating data
between the semiconductor storage units to level the
input/output data amount the semiconductor storage
units based on the acquired mput/output amount nfor-
mation after the life leveling processing 1s terminated.

4. The storage apparatus according to claim 3, wherein

the storage controller 1s further configured to execute the
input/output leveling processing, when there are two
semiconductor storage units in which a difference in the
data amount input/output during a predetermined time
becomes equal to or larger than a predetermined thresh-
old among the semiconductor storage units.

5. The storage apparatus according to claim 2, wherein the

storage controller 1s further configured to:

execute the life leveling processing, when there are two
semiconductor storage units in which a difference 1n the
remaining life between the two semiconductor storage
units becomes equal to or larger than a predetermined
threshold among the semiconductor storage units.
6. The storage apparatus according to claim 2, wherein
the remaining life information includes a history of a
remaining number of times of deletion that 1s the
number of times by which deletion of data 1s possible,
about one of the semiconductor storage devices of the
acquisition source of the remaining life information,
and
the storage controller 1s further configured to
calculate, for each of the semiconductor storage units,
the remaining life of the respective semiconductor
storage unit based on the history of the remaining
number of times of deletion.
7. The storage apparatus according to claim 2, wherein,
in the life leveling processing,
when a first write expected amount in a first partial
storage area having a large write expected amount 1n
a first one of the semiconductor storage units having,
a short remaining life 1s larger than a second write
expected amount of a second partial storage area
having a small write expected amount 1n a second
one of the semiconductor storage units having a long
remaining life, the storage controller 1s further con-
figured to perform control to exchange data in the
first partial storage area and data 1n the second partial
storage area, and
when the first write expected amount 1s not larger than
the second write expected amount, the storage con-
troller 1s further configured to perform control not to
exchange the data 1n the first partial storage area and
the data in the second partial storage area.
8. The storage apparatus according to claim 1, wherein the

storage controller 1s further configured to

execute the exhaustion avoidance processing, when the
capacity exhaustion risk of any of the semiconductor
storage units 1s equal to or larger than a predetermined
threshold.

9. The storage apparatus according to claim 1, wherein

the exhaustion-related information includes a write
amount, a compression ratio, and a free physical capac-
ity, about one of the semiconductor storage devices of
an acquisition source of the exhaustion-related infor-
mation, and

the storage controller 1s further configured to:
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calculate the capacity exhaustion risk about the one of
the semiconductor storage devices of the acquisition
source of the exhaustion-related information and the
semiconductor storage units, based on the write
amount, the compression ratio, and the free physical
capacity included 1n the exhaustion-related informa-
tion.

10. The storage apparatus according to claim 1, wherein

cach of the semiconductor storage media comprises a
plurality of blocks, and

the storage controller 1s further configured to migrate the
data 1n storage area units larger than the blocks 1n the
exhaustion avoidance processing.

11. A storage apparatus according, comprising:

a plurality of semiconductor storage devices, each includ-
ing one or more non-volatile semiconductor storage
media and a medium controller coupled to the semi-
conductor storage media;

a storage controller coupled to the semiconductor storage
devices and configured to arrange the semiconductor
storage devices as a plurality of semiconductor storage
units, each of the semiconductor storage units including
one or more of the semiconductor storage devices, and
to store data to a logical storage area provided by the
semiconductor storage devices,

wherein the medium controller 1s configured to compress
the data stored 1n the logical storage area, and store the
compressed data to the semiconductor storage media,

wherein a size of a logical address space of the logical
storage area 1s larger than a total of sizes of physical
address spaces of the semiconductor storage media,

wherein the storage controller i1s further configured to:
determine, before performing target data arrangement
control processing, of a plurality of types of data
arrangement control processing, whether a condition
to be satisfied in the data arrangement control pro-
cessing having a higher priority than the target data
arrangement control processing remains satisfied,
when the target data arrangement control processing
1s to be performed, and
perform the target data arrangement control processing
when a result of the determination 1s athrmative, and
wherein each of the plurality of types of data arrangement
control processing 1s processing in which data 1s
migrated between the semiconductor storage units.

12. The storage apparatus according to claim 11, wherein

the plurality of types of data arrangement control pro-
cessing includes at least two of exhaustion avoidance
processing of migrating data between the semiconduc-
tor storage units to decrease a capacity exhaustion risk
of any of the plurality of semiconductor storage units,
life leveling processing of migrating data between the
semiconductor storage units to level remaining lives 1n
the plurality of semiconductor storage units, and mput/
output leveling processing of migrating data between
the semiconductor storage units to level input/output
data amounts about the plurality of semiconductor
storage units, and

the capacity exhaustion risk about each of the plurality of
semiconductor storage units 1s a risk of exhaustion of a
capacity of the respective semiconductor storage unit.

13. A storage control method comprising:

providing a plurality of semiconductor storage devices
including one or more non-volatile semiconductor stor-
age media and a medium controller coupled to the
semiconductor storage media, the semiconductor stor-
age devices being arranged as a plurality of semicon-
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ductor storage units, each of the semiconductor storage
umts including one or more of the semiconductor
storage devices, and a storage controller to control the
semiconductor storage devices;

providing, based on the semiconductor storage devices, a
logical storage area having a size of a logical address
space larger than a total of sizes of physical address
spaces ol the semiconductor storage media;

transmitting, by the storage controller, storage target data
to the semiconductor storage devices based on a storage
destination of the logical storage area;

receiving the storage target data, compressing the
received data, and storing the compressed data 1n the
semiconductor storage media by the medium control-
ler;

acquiring, from each of the semiconductor storage
devices and by the storage controller, exhaustion-re-
lated information for calculating a risk of exhaustion of
cach of the semiconductor storage units;

calculating, for each of the semiconductor storage units
and by the storage controller, a capacity exhaustion risk
that 1s the risk of exhaustion of the capacity of the
respective semiconductor storage unit based on the
acquired exhaustion-related information; and

executing, by the storage controller, exhaustion avoidance
processing ol migrating data between the semiconduc-
tor storage units to decrease the capacity exhaustion
risk of any of the semiconductor storage units based on
the capacity exhaustion risk of each of the semicon-
ductor storage units.

% x *H % o

10

15

20

25

30

38



	Front Page
	Drawings
	Specification
	Claims

